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STUDIES IN NAPHTHALENE SERIES 


Part I. Some Properties of 2-Acetyl-1-naphthol and the Synthesis of 
2-Ethyl-1-naphthol 


By M. AKRAM, R. D. DESAI AND AHMAD KAMAL 


(From the Department of Chemistry, Muslim University, Aligark) 
Received September 29, 1939 


THE alkyl derivatives of resorcinol especially hexyl-resorcinol have found 
extensive application as urinal antiseptic,! but a-naphthol has not found 
much medicinal use in this respect owing to its toxicity which is, however, 
lowered on reduction. With the hope that future might find some use for 
it in this respect, we took up the systematic study of these aikyl a-naphthols 
with special reference to their preparation by convenient methods, 
and the chemical properties of their intermediates. A critical study of the 
literature showed that 2-ethyl-, 3-ethyl-, 4-ethyl- and 7-ethyl-l-naphthols 
had been synthesised by G. Levy,” and 6-methyl-l-naphthol by Fieser and 
Dunn® by circuitous and lengthy methods. There also exists in literature‘ 
an ethyl-l-naphthol of m.p. 80° of an unknown constitution, but from the 
nature of its preparation we feel that it is 4-ethyl-2-naphthol and we wish to 
synthesise it by an unambiguous method. 


We have prepared 2-ethyl-l-naphthol by the Clemmensen® reduction 
of 2-acetyl-l-naphthol which was easily prepared by the Nencki Process.® 
During the preparation of 2-acetyl-l-naphthol, small quantities of acidic 
as well as neutral impurities were formed, and these were proved to be 4: 4’- 
dihydroxy-1 : 1’-dinaphthyl and the oxide of 1: 1’-dihydroxy-2 : 2’-dinaph- 
thyl. 

The monobromo-derivative of 2-acetyl-l-naphthol obtained by Hantzsch’ 
was proved to be 4-bromo-2-acetyl-l-naphthol, as the chromone obtained by 
applying the Kostanecki Reaction gave 4-bromo-1]-hydroxy-2-naphthoic 
acid on alkaline hydrolysis. The dibromo and tri-bromo derivatives had the 
constitution represented by (I) and (II), as alkaline hydrolysis of (I) gave 
5-bromo-a-naphtha-coumaranone (III) together with 4-bromo-2-glycollyl-1- 
naphthol (IV) while that of (II) gave 4-bromo-1l-hydroxy-2-naphthoic acid. 
The mono-nitro derivative of 2-acetyl-l-naphthol obtained by Friedlander® 
must be 4-nitro-2-acetyl-l-naphthol as the chromone obtained from it, gave 
on alkaline hydrolysis, 4-nitro-l-hydroxy-2-naphthoic acid. Nitration 
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with excess of nitric acid results in the elimination of the acetyl group, and 
the formation of 2: 4-dinitro-1-naphthol. 


During the Clemmensen Reduction of 2-acetyl-l-naphthol, a neutral 
hydroxylic product has been obtained. This has been provisionally 
assumed to be 2-ethyl-ac-tetrahydro-l-naphthol (V). 2-Ethyl-1-naphthol 
gave a picrate, and a monobromo-detivative containing the bromine in the 
side chain as the action of alkali gave a neutral, bromine-free product. 
Nitration gave a mono-nitro derivative which was presumed to be 4-nitro- 
2-ethyl-l-naphthcl, while coupling with benzene diazonium chloride gave 
benzene-azo-3-ethyl-4-naphthol. Further work is in progress. 
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Experimental 


Isolation of 4: 4’-dihydroxy-1 : 1'-dinaphthyl.—The alcoholic mother-liquor 
after the removal of 2-acetyl-l-naphthol was evaporated to dryness, and 
the solid was treated with 10 per cent. NaOH to remove the acidic products. 
After recevering it and extracting it with warm water to remove 
-naphthol, the residual solid was crystallised from alcohol. ‘The first crop 
consisted of 2-acetyl-l1-naphthol, while the second crop (2 g.) m.p. 300° was 
proved to be 4: 4’-dihydroxy-]:1’-dinaphthyl (Clemo, Cockburn and 
Spence).® 

Isolation of the oxide of 1: 1'-dihydroxy-2 : 2'-dinaphthyl.—The alkali 
insoluble product was extracted with acetone, the solution decolorised with 
animal charcoal and finally crystallised from alcohol in plates, m.p. 183-84°. 
(Found: C, 89-1; H, 4-7; Calc. for C,,H,,0: C, 89-5; H, 4-5 per cent.) 


The alcoholic solution of 2-acetyl-l-naphthol gave bluish-green colora- 
tion with ferric chloride. 
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The picrate crystallised from benzene in deep yellow scales, m.p. 112°. 
(Found: C, 51-6; H, 3-0; Cyg Hi30,N; requires C, 52-0; H, 3-1 per cent.) 

The semicarbazone crystallised from acetic acid in small pale-yellqw 
needles, m.p. 306°. (Found: C, 64-2; H, 5-5; C,sH,,0,N, requires 
C, 64-2; H, 5-4 per cent.) 


The phenylhydrazone crystallised from alcohol in brown needles, m.p. 141°. 
(Found: C, 78-2; H, 5-8; CygHiO.N, requires C, 78-2; H, 5-8 per cent.) 


2-Acetyl-l-naphthol remained unaffected when heated with glacial 
acetic acid or propionic acid in presence of anhydrous zinc chloride. 
Leaving it in contact with anhydrous aluminium chloride in nitro-benzene 
solution gave a product unmelted below 300° and giving bluish-green colora- 
tion with ferric chloride. (Found: C, 77-3; H, 5-0; C.4H,,0O, requires 
C, 77-8; H, 4-9 per cent.) 


Kostanecki Reaction with 4-bromo-2-acetyl-l1-naphthol and formation of 
6-bromo-3-acetyl-2-methyl-1 : 4-a-naphthapyrone.—A mixture of 4-bromo-2- 
acetyl-l-naphthel (5g.), anhydrous sodium acetate (15g.) and acetic 
anhydride (25c.c.) was heated in an oil-bath at 180-85° for ten hours with 
constant shaking. The solid obtained by pouring the mixture into water, 
was triturated with 5 per cent. alkali in the cold to remove the unchanged 
material, and the residue crystallised from alochol when the pyrone was 
obtained as small yellowish needles, m.p. 206-07°. (Found: Br, 24-1; 
C,.H,,0,Br requires Br, 24-1 per cent.) 


Hydrolysis of the above pyrone to 4-bromo-\-hydroxy-2-naphthoic acid.— 
The pyrone (1 g.) was heated with 10 per cent. NaOH (20c.c.) on the water- 
bath for half an hour. ‘The clear yellow solution was acidified with concen- 
trated hydrochloric acid, and the resulting solid, which was purified through 
sodium bicarbenate solution crystallised from alcohol in needles, m.p. 245-46°. 
This was identified as 4-bromo-l-hydroxy-2-naphthoic acid by m.p. and 
mixed m.p. with an authentic specimen. 


t : w-Dibromo-2-acetyl-1-naphthol.—The solution of bromine (1-8 c.c.) in 
chloroform (10 c.c.) was slowly added to the solution of the hydroxy-Ketone 
(3 g.) in chlorofcrm (30c.c.). The formation of the dibromo-derivative 
which began to separate out immediately was complete after keeping the 
mixture overnight. The filtered solid crystallised from alcohol in yellow 
needles, m.p. 150°. (Found: Br, 46-1; C,,H,O,Br. requires Br, 46-5 per 
cent.) 


Action of sodium ethoxide on the dibromo-derivative.—The dibromo- 


Ketone (2 g.) was dissolved in a solution of sodium ethoxide in absolute 
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alcohol (Na = 2 g.; alcohol = 40 c.c.) and the solution heated under reflux for 
‘three hours. After distilling off the alcohol the residue was boiled with 
water to remove the soluble portion, filtered, and acidified with concentrated 
hydrochloric acid. The resulting solid crystallised from dilute alcohol in 
buttons of small needles, m.p. 136-37°. (Found: Br, 25-7; C,4H,;0,Br 
requires Br, 25-9 per cent.) 


Its alcoholic solution gave a bluish-green colouration with ferric 
chloride. 


The alkali insoluble portion crystallised from alcohol in small reddish 
plates, m.p. 274°. (Found: Br, 29-9; C,,.H,O,Br requires Br, 30-4 per cent.) 

Action of caustic soda solution on the dibromo-derivative.—The solution 
of the dibromo-derivative (J g.) in ]0 per cent. alkali (15 c.c.) was heated on 
water-bath under reflux for four hours. A reddish neutral product began to 
separate itself. The filtered solid crystallised from alcohol in reddish plates, 
m.p. 274°, and was identical with the neutral product obtained with sodium 


ethoxide. The alkaline solution contained only traces of the 


acidic 
material. 


Formation of 4: : w-tribromo-2-acetyl-1-naphthol.—Bromine (1-2 c.c.) 
dissolved in chloroform (10 c.c.) was gradually added to the solution of the 
Ketone (2 g.) in chloroform (20 c.c.). The product isclated after 48 hours 
crystallised from alcohol in deep yellow needles, m.p. 199°. (Found : Br, 56-4 ; 
C..H,O;Br; requires Br, 56-7 per cent.) 


Action of sodium ethoxide on the tribromo-derivative.—The reaction which 
was carried out as usual gave the acidic as well as neutral products. ‘The 
acidic product was identified as 4-bromo-1l-hydroxy-2-naphthoic acid by com- 
paring with an authentic specimen. 


The neutral compound was a deep-red powder, soluble in benzene and 
melting at 250°. It was not further investigated. (Found: Br, 28-2 per 
cent.) 

Kostanecki Reaction with 4-nitro-2-acetyl-1-naphthol and formation of 
6-nitvo-3-acetyl-2-methyl-1 : 4-a-naphtha-pyrone.—A mixture of 4-nitro-2- 
acetyl-2-naphthol (5 g.), anhydrous sodium acetate (10 g.) and acetic 
anhydride (20c.c.) was heated at 100° for two hours, then at 120° for three 
hours, and finally at 140° for two hours. The solid obtained by pouring 
the mixture into water was triturated in the cold with dilute NaOH, and 
crystallised from glacial acetic acid (charcoal) in prismatic needles, m.p. 
242-43°. (Found: C, 64-4; H, 3-7; C gH,,0;N requires C, 64-6; H, 3-7 
per cent.) 
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Hydrolysis of the chromone to 4-nitro-1-hydroxy-2-naphthoic acid.—The 
chromone (1 g.) was heated with 10 per cent. NaOH (20 c.c.) for half an hour. 
The yellow solution was filtered, and acidified with concentrated hydro- 
chloric acid. ‘Lhe acid purified throvgh sodium bicarbonate solution crystal- 
lised from alcohol in plates, m.p. 219-20°, and was identified as 4-nitro-1- 
hydroxy-2-naphthoic acid by comparison with an authentic specimen. 


Reduction of 2-acetyl-\-naphthol, and formation of 2-ethyl-1-naphthol 
and 2-ethyl-ac-tetrahydro-\-naphthol.—A mixture of 2-acetyl-l-naphthol 
(20 g.), amalgamated zinc (30g.) and dilute hydrochloric acid (80¢.c.) was 
heated on sand-bath under reflux for eight hours. ‘lhe semi-solid mass which 
floated on the surface of the cooled mixture was taken up in ether, and the 
ethereal solution thoroughly extracted with alkali. The alkaline solution 
on acidification gave an oil which solidified at once. It crystallised from 
petrol (bp. 40-60°) in thick prismatic needles, mp. 70°. The picrate 
prepared in the usual manner crystallised from benzene in deep-red needles, 
m.p. 123° [Levy (loc. cit) gives 68° and 118° as the m.p. of 2-ethyl-1-naphthol 
and its picrate]. It was readily soluble in hexane, benzene, alcohol, etc., 
and on keeping in air, turned into a brown liquid. The ethereal solution, 
iurnished an oil with a characteristic smell on evaporation. It boiled at 
i08°/8 mm. and did not give a picrate under any conditions. Its ethereal 
solution reacted slowly with sodium, liberating hydrogen. (Found: C, 81-5; 
H, 9-2; CyH,,0 requires C, 81-8; H, 9-1 per cent.) 


1-Methoxy-2-ethyl-naphthalene was obtained by treating the solution of 
2-ethyl-l-naphthol (2 g.) in 10 per cent. NaOH (15 c.c.) with dimethyl 
sulphate (4 c.c.). ‘The precipitated oil was extracted with ether, dried and 
distilled, when it boiled at 136°/6 mm. as a pale-yellow oil. (Found: C, 83-5; 
H, 7-6; Cy3H,,0O requires C, 83-9; H, 7-5 per cent.) 


Its picrate prepared in the usual manner crystallised from benzene in 
small orange needles, m.p. 80°. (Found: C, 54-6; H, 4-2; CyH,,0,N; 
requires C, 54-9; H, 4-1 per cent.) 


4-Nitro-2-ethyl-\-naphthol.—Fuming nitric acid (0-3¢.c.) was gradually 
added to a solution of 2-ethyl-1-naphthol (1 g.) in glacial acetic acid (10 c.c.). 
The solid obtained by pouring the mixture into water after 12 hours crystal- 
lised from dilute alcohol in yellowish needles, m.p. 88°. (Found: C, 66-1; 
H, 5-1; Cy2H,,O3;N requires C, 66-4; H, 5-0 per cent.) 


2-B-Bromo-ethyl-1-naphthol.—Bromine (0-5 c.c.) dissolved in chloroform 
(5c.c.) was gradually added to the chloroform (10 c.c.) solution of 2-ethvl-1- 
naphthol (1 g.). The solvent was blown off after six hours, and the residue 
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extracted with hexane. On concentration, the solution gave chocolate- 
brown needles, m.p. 90°. (Found: Br, 31-4; C,,H,,OBr requires Br, 31-9 
per cent.) 


When the bromo-derivative was warmed with alkali, a bromine-free 
compound melting at 280° (previous sintering) was obtained, but this was not 
further investigated. 


Benzene-azo-3-ethyl-4-naphthol.—An ice-cold diazotised solution of aniline 
(0-4 g.) in hydrochloric acid was gradually added to the alkaline solution of 
2-ethyl-l-naphthol (0-8 g.) and the red dye that separated out was filtered 
off. After purification through alkali, it crystallised from alcohol in deep- 
red needles, m.p. 189°. (Found: C, 78-0; H, 5-7; CygHyON, requires 
C, 78-3 ; H, 5-8 per cent.). 


Summary 


2-Ethyl-l-naphthol has been prepared by the Clemmensen Reduction of 
2-acetyl-l-naphthol. The nitration as well as bromination of 2-acetyl]-1- 
naphthol under various conditions, and the constitution of the resulting 
products, have been studied. Some derivatives of 2-ethyl-l-naphthel are 
described. 
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STUDIES IN NAPHTHALENE SERIES 


Part II. The Synthesis of the Trans-form of 
Trans-decalin-2-carboxy-3-acetic Acid 


By Nazir AHMED CHAUDHRY, R. D. DESAI 
AND 
G. S. SAHARIYA 


(from the Department of Chemislry, Muslim University, Aligarh) 
Received November 6, 1939 


THE preparation and properties of the stereo-isomeric tvans-decalin-1- 
carboxy-l-acetic acid (I) have been fully studied by Hiickel and Wiebke! and 
Rao. Our final objective was to study the preparation of cis and trans forms 
of trans-decalin-2-carboxy-3-acetic acid (II) and to compare their proper- 
ties, but as the chances of resuming our interrupted work are uncertain, we 
have thought it necessary to record our results so far obtained. 


Trans-B-decalone-cynohydrin (III) which was prepared in a pure form 
by the bisulphite method, was smoothly dehydrated to the unsaturated 
nitrile by thionyl chloride in pyridine solution. ‘This nitrile (IV) was proved 
to be 2-cyano- A -2 : 3-tvans-octalin as it was quantitatively oxidised by 
alkaline potassium permanganate to cyclohexane-1: 2-diacetic acid 
Concentrated hydrochloric acid hydrolysed the nitrile to tvans- A -2 : 3-octalin- 
2-carboxylic acid (V), as oxidation with alkaline potassium permanganate 
gave cyclohexane-l : 2-diacetic acid. 
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The addition of ethyl sodio-cyanoacetate to the unsaturated nitrile 
did not proceed smoothly and a poor yield of ethyl trans-decalin-trans-2- 
cyano-3-cyanoacetate (VI) was obtained. As the investigations of Hiickel 
and Goth‘ as well as Cook and Linstead’ have shown that such Michael 
condensations usually lead to trams addition, the cyano-acetic ester (VI) 
must have the trans-configuration. Prolonged hydrolysis with concentrated 
hydrochloric acid gave the trans form of trans-decalin-2-carboxy-3-acetic 
acid (IT). 

Experimental 


Trans-B-decalone was prepared by the method of Rao (loc. cit.). Trans- 
B-decalone-cyanohydrin (III). To a suspension of the sodium bisulphite 
compound prepared from decalone (60g.) and sodium bisulphite (42 g.), 
potassium cyanide solution (34 g. in 75c.c. H,O) was slowly added with 
vigorous shaking, and cooling under the tap. The oily cyanohydrin began 
to separate out immediately, and completed after standing for 12 hours. 
The liquid was extracted with ether, dried, and the solvent removed. The 
residue, after the addition of 2 or 3 drops of concentrated sulphuric acid, 
distilled constantly at 113°/6 mm. (yield 65-70 per cent.). (Found: C, 73-5; 
H, 9-5; C,,H,,ON requires C, 73-7; H, 9-5 per cent.) 


Trvans-2-cyano- A-2 : 3-octalin.—To the solution of the cyano-hydrin 
(36 g.) in dry pyridine (32 c.c.), thionyl chloride (36 g.) was gradually added 
at 0°. After allowing the mixture to remain at the room temperature for 
three hours, it was heated on the water-bath under reflux for four hours, and 
decomposed with ice-cold water. The separated oil was extracted with 
ether, the ethereal layer thoroughly washed with alkali, dried, and distilled 
when a liquid boiling at 145°/6 mm. was obtained (yield 20g.). (Found: C, 
81-9; H, 9-3; C,,H,,;N requires C, 82-0; H, 9-3 per cent.) 


This nitrile which has a peculiar odour did not absorb bromine and was 
not reduced by aluminium amalgam. 


Oxidation of the nitrile to cyclohexane-1 : 2-diacetic acid.—A suspension of 
the nitrile (1 g.) in water (50c.c.) was shaken up with 5 per cent. alkaline 
potassium permanganate till the solution was no longer decolourised. The 
alkaline solution, on being acidified with concentrated hydrochloric acid, 
gave an acid which was identified by m.p. (164°) and mixed m.p. as cyclo- 
hexane-1 : 2-diacetic acid. 


Trans- A-2 : 3-octalin-2-carboxylic acid (V).—The mixture of the nitrile 
(5 g.) and concentrated hydrochloric acid (25 c.c.) was heated on sand-bath 
under reflux for 12 hours, the cooled mixture extracted with ether, and the 
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acidic material removed with alkali. On acidifying the alkaline solution, the 
solid acid crystallised:from alcohol in small plates, m.p. 146°. (Found: C, 
73-0; H, 9-0; C,,H,,O02 requires C, 73-3; H, 8-9 per cent.) 


Its chloroform solution did not absorb bromine readily. The alkaline 
solution was shaken up with a dilute solution of potassium permanganate 
till a pink colour was produced. Acidification of the alkaline solution with 
concentrated hydrochloric acid gave an acid, m.p. 164°, which was identified 
as cyclohexane-1 : 2-diacetic acid. 


Trans-decalin-trans-2-carboxy-3-acetic acid (1I1).—The unsaturated nitrile 
(16 g.) was slowly added to a suspension of ethyl sodiocyanoacetate [prepared 
from sodium (2-3 g.) ; ethylcyanoacetate (12 g.) and alcohol (35 c.c.)]. Cooled 
to 0° with constant shaking, and the mixture allowed to stand at the room 
temperature for 12 hours. After heating on the water-bath for six hours, 
the mixture was poured into water acidified with dilute hydrochloric acid 
and the precipitated oil was extracted with ether. The acidic as well as semi- 
acidic material was extracted from the ethereal solution with 10 per cent. 
alkali, and was again extracted with ether from the alkaline solution after 
acidification. The neutral portion consisted mainly of the unreacted nitrile, 
together with a small amount of ethyl cyanoacetate. The unreacted nitrile 


was oxidised by alkaline potassium permanganate to cyclohexane-1 : 2- 
diacetic acid. 


As the addition product (5 g.) showed the tendency to decompose during 
distillation under the reduced pressure, the crude ester was mixed with con- 
centrated hydrochloric acid (25¢c.c.), and the mixture was heated on the 
sand-bath under reflux for 24 hours. The semi-solid product which appeared 
on cooling was extracted with ether, and the ethereal solution was thoroughly 
shaken up with a 5 per cent. sodium carbonate solution. The alkaline solu- 
tion on being acidified gave a solid which crystallised from benzene in needles, 
m.p. 214-15°. The benzene mother-liquor, on concentration, gave an impure 
acid, m.p. 160-80°, which could not be purified. (Found: C, 64-8; H, 8-2; 
CisH2 90, requires C, 65-0; H, 8-3 per cent.) 


We hope to resume this work at the earliest opportunity. 
Summary 


Trans- A-2 : 3-octalin-2-carboxylic acid and Tvans-Decalin-trans-2- 
carboxy-3-acetic acid have been synthesised. 
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STUDIES IN NAPHTHALENE SERIES 


Part III. Properties of 4-Acetyl-1-naphthol and the Preparation of 
4-Ethyl-1-naphthol 
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4-ETHYL-1-NAPHTHOL has been prepared by Levy! by a method which is 
unsuitable for its preparation in large quantities. In the present case, we 
have prepared it by the Clemmensen Reduction of 4-acetyl-l-naphthol, 
which has been prepared by us by the action of acetyl chloride on a-naphthol 
in the presence of zinc chloride. Other methods tried by us, but subsequently 
found to be unsatisfactory, have been described in the experimental portion. 
4-Acetyl-l-naphthol has been previously prepared by the demethylation of 
4-acetyl-1-methoxy-naphthalene,? but as none of its reactions are described, 
we have studied some of its more interesting properties. It gave a picrate, 
a semicarbazone and an oxime readily while the hydroxyl group could be 
easily acetylated and methylated. The application of the Nencki Reaction 
to this hydroxy-ketone was interesting, as 2-acetyl-l-naphthol was formed 
when its solution in glacial acetic acid was heated in presence of anhydrous 
zinc chloride. There was no question of the migration of the acetyl group 
from the 4 to the 2-position, as 2-propionyl-l-naphthol was formed when 
propionic acid was substituted for acetic acid. The acetyl group at 4-position 
was split off, but whether this took place before or after the entry of the 
acetyl group at 2-position could not be said with certainty. 


Bromination of 4-acetyl-l-naphthol with one mol. of bromine gave 
2-bromo-4-acetyl-l-naphthol (I) as the bromo-derivative was unaffected by 
hot alkali. Dibromo-, and tribromo-derivatives were obtained by using two 
and three mols of bromine. ‘The dibromo-derivative was 2-bromo-4-bromo- 
acetyl-l-naphthol (II) as it gave 2-bromo-4-glycollyl-l-naphthol (III) on 
heating with aqueous alkali, while the tribromo-derivative was presumably 
2-bromo-4-dibromacetyl-l-naphthol (IV), as prolonged heating with aqueous 
alkali gave 3-bromo-4-hydroxy-l-naphthoic acid (V). However our attempts 
to prepare the authentic specimen of the acid (V) by the bromination of 
4-hydroxy-l-naphthoic acid which we easily obtained by oxidising the 
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alkaline solution of 4-acetyl-l-naphthol with sodium hypobromite gave only 
4-bromo-1l-naphthol. 


Nitration of 4-acetyl-l-naphthol with one mol. of fuming nitric acid 
gave mainly 2-nitro-4-acetyl-l-naphthol (VI) together with small amounts 
of 2-nitro-l-naphthol and 2 : 4 -dinitro-l-naphthol. N.tration with two mols. 
gave mainly 2: 4-dinitro-l-naphthol. Thus there was the tendency for the 
elimination of the acetyl group during nitration. 


The Clemmensen Reduction of 4-acetyl-l-naphthol gave 4-ethyl-1l- 
naphthol together with a neutral, hydroxylic compound which was probably 
4-ethyl-ac-tetrahydro-l-naphthol (VII). 4-Ethyl-l-naphthol readily coupled 
with benzenediazonium chloride giving 4-ethyl-2-benzeneazo-1l-naphthol 
(VIII) and a neutral compound which was presumably the phenylhydrazone 
of 4-ethyl-f-naphthaquinone (IX). The neutral compound has been iso- 
lated in two forms, and though we have no other proof to support our claim, 
we are inclined to believe that they may be the cis-tvans isomers of (IX) as 
required by the Hantzsch-Werner Theory. 
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Experimental 


4-A cetyl-1-naphthol.—Acetyl chloride (24 g.) was gradually added to a 
mixture of powdered anhydrous zinc chloride (40 g.), a-naphthol (40 g.) and 
dry nitrobenzene (200 c.c.), with constant shaking and cooling. The mixture 
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which gradually became viscous was allowed to stand at the room temperature 
for 48 hours, decomposed with dilute hydrochloric acid, and the nitrobenzene 
removed in steam. The solid obtained on cooling was filtered off, and purified 
through 5 per cent. NaOH solution. The dry solid (m.p. 120-40°) was 
extracted with three lots of hexane (50c.c. each) till the hexane insoluble 
product showed the m.p. 180-85°. This was crystallised from alcohol when 
colourless, prismatic needles of 4-acetyl-l-naphthol, m.p. 199-200°, were 
obtained (30 g.). 


(1) The hexane-soluble product crystallised from alcohol in colourless 
needles, m.p. 101°, and was found to be 2-acetyl-l-naphthol (14 g.). 


(2) The above method was repeated using acetic anhydride in place of 
acetyl chloride. The mixture requires warming on water-bath, and the 
products obtained were coloured. ‘The yield of 4-acetyl-l-naphthol was not 
as good as in case (1). 

(3) The condensation was carried out using anhydrous aluminium 
chloride and acetyl chloride. A poor yield of 4-acetyl-l-naphthol was 
obtained as the main product was 4: 4’-dihydroxy-1 : 1’-dinaphthyl. 


(4) The reaction was repeated using anhydrous aluminium chloride and 
acetic anhydride. The amount of 4: 4’-dihydroxy-1: 1’-dinaphthyl is 
reduced, but the yield of 4-acetyl-l-naphthol is not satisfactory. 

4-Acetyl-l-naphthol is soluble in caustic soda, sodium carbonate and 
even in sodium bicarbonate solution on warming giving a yellow solution. 
Its alcoholic solution gives an olive-green colouration with ferric chloride. 
(Found: C, 77-2; H, 5-5; Calc. for C;2.H,90.: C, 77-4; H, 5-4 per cent.) 


The acetyl derivative was obtained by heating the compound (1 g.), 
with acetic anhydride (5c.c.) on a sand-bath for three hours. The solid 
obtained after decomposing the excess of the anhydride crystallised from 
benzene in white flakes, m.p. 83-84°. Its alcoholic solution did not give any 
* colouration with ferric chloride. It was insoluble in cold, dilute alkali, but 
dissolved slowly on warming. The solid obtained on acidification waS 
4-acetyl-l-naphthol. (Found: C, 73-4; H, 5-4; Ci4H:.0, requires C, 73-7 ; 
H, 5-3 per cent.) 

The methyl ether was obtained by shaking the alkaline solution of the 
naphthol (1 g. in 10 c.c. of 10 per cent. NaOH) with dimethyl sulphate (3 c.c.). 
The solid crystallised from hexane in needles, m.p. 71-72° and was identical 
with the product obtained by Gattermann, Ehrhardt and Maisch.? 


The picrate was obtained by mixing the components (0-3g. each) in 
warm benzene solution, and crystallised out on cooling in lemon-yellow 
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needles, m.p. 160-61°. (Found: C, 51-6; H, 3-2; CysH,,0,.N3 requires 
C, 52-0; H, 3-1 per cent.) 


The semicarbazone prepared by refluxing the solution of semicarbazide 
acetate (0-5g.) and 4-acetyl-l-naphthol (0-5 g.) in alcohol (10c.c.) for four 
hours, crystallised from dilute alcohol in pinkish needles, m.p. 200° (mixed 
m.p. with 4-acetyl-l-naphthol 180°). (Found: C, 64-1; H, 5-6; C,3H,,0,N, 
requires C, 64-2; H, 5-4 per cent.) 

The oxime obtained by refluxing an alcoholic solution of the naphtho 
(0-5 g.) and hydroxyl-amine-hydrochloride (0-25 g.) crystallised from dilute 
alcohol in small plates, m.p. 250°. (Found: C, 71-3; H, 7-6; C,.H,,0O.N 
requires C, 71-6; H, 7-6 per cent.) ’ 


Action of glacial acetic acid in presence of zinc chloride, and formation of 
2-acetyl-1-naphthol.—A mixture of 4-acetyl-l-naphthol (1 g.), anhydrous 
zinc chloride (1 g.) and glacial acetic acid (10. c.c.) was heated on sand-bath 
under reflux for three hours. The solid obtained by diluting the mixture 
with much water crystallised from alcohol in needles, m.p. 101°, and 
was proved to be 2-acetyl-l-naphthol by comparison with an authentic 
specimen. 


Action of propionic acid in presence of zinc chloride, and formation of 
2-propionyl-1-naphthol.—The solution of 4-acetyl-l-naphthol (lg.) and 
anhydrous zinc chloride (1 g.) in propionic acid (10 c.c.) was heated on sand- 
bath under reflux for six hours. The solid obtained by diluting the solution 
with water crystallised from alcohol in cubical plates, m.p. §&5-86° and was 
identified as 2-propionyl-l-naphthol by comparison with an authentic 
specimen.* 

2-Bromo-4-acetyl-1-naphthol (I) was obtained by adding the chloroform 
(5 c.c.) solution of bromine (0-5c.c.) to the chloroform (25 c.c.) solution of 
4-acetyl-l-naphthol (2g.). After the removal of chloroform, the solid 
crystallised from alcohol in colourless needles, m.p. 134-35°. (Found: Br, 
30-1; C,,;H,O.Br requires Br, 30-2 per cent.) 

The product was recovered unchanged after heating for two hours as 
with 5 per cent. caustic soda solution. 


2-Bromo-4-bromacetyl-1-naphthol (II) was obtained by adding bromine 
(L-1lc.c.) diluted with chloroform (10 c.c.) to the chloroform solution (25 c.c.) 
of 4-acetyl-l-naphthol (2 g.), and exposing the mixture to sunlight for a few 
hours. The pasty mass left after the removal of chloroform crystallised 
from benzene in yellowish brown needles, m.p. 140°. (Found: Br, 46-2; 
C,.H,O,Br, requires Br, 46-5 per cent.) 
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Warmed with alcohcl, the dibromo-derivative undergoes interesting 
colour changes from pale to deep-yellow, then pink and finally deep-blue. 
A bluish black product melting at 178-80° and containing bromine, separates 
out on cooling. We wish to investigate this reaction further. 


2-Bromo-4-glycollyl-\-naphthol (III).—A solution of the dibromo-deri- 
vative (1 g.) in 10 per cent. caustic soda solution (30 c.c.) was heated on sand- 
bath under reflux for three hours. The filtered solution on acidification 
gave a solid which crystallised from alcohol in needles, m.p. 93-94°. (Found : 
Br, 28-2; C,,H,O,Br requires Br, 28-5 per cent.) 


2-Bromo-4-dibrom-acetyl-l-naphthol (IV) was obtained as usual by using 
bromine (2c.c.) for the naphthol (2 gm.). The product crystallised from 
alcohol in lemon-yellow needles, m.p. 116°. (Found: Br, 56-4; C,,.H,O.Br; 
requires Br, 56-7 per cent.) 


3-Bromo-4-hydroxy-1-naphthoic acid (V).—A solution of the tribromo- 
derivative (1 g.) in 10 per cent. caustic soda solution (30 c.c.) was heated on 
sand-bath under reflux for three hours, acidified with hydrochloric acid, and 
the precipitated solid was filtered off. Everything was soluble in sodium 
bicarbonate solution, and the solid obtained on acidification with hydro- 
chloric acid crystallised from alcohol in small needles, m.p. 208°. (Found: Br, 
29-8; C,,H,O;Br requires Br, 30-0 per cent.) 


Oxidation of 4-acetyl-1-naphthol to 4-hydroxy-l-naphthoic acid.—To the 
cooled solution of 4-acetyl-l-naphthol (4 g.) in 10 per cent. caustic soda solution 
(20 c.c.), 1 per cent. sodium hypobromite solution (250 c.c.) was gradually 
added with occasional shaking. After 24 hours, the solution was filtered off, 
and the excess of hypobromite was destroyed by SO,. The solid obtained on 
acidification was collected and purified through scdium bicarbonate solution. 
The insoluble portion (a small amount) crystallised from alcohol in needles, 
m.p. 134°, and proved to be 2-bromo-4-acetyl-l-naphthol. 


The acid recovered from the alkaline solution on acidification crystallised 
from hct water in white flakes, m.p. 188-89° (decomp.). The same acid has 
been obtained by Heller® by the oxidation of 4-hydroxy-1l-naphthaldehyde 
and is stated to melt at 183-84° (decomp.). The acid is slowly decomposed 
into a-naphthol on boiling with water. When heated above its melting 
point for some time in an open tube, it is completely decomposed into a-naph- 
thol. Its alcoholic solution gives a pale-green colouration with ferric 
chloride solution, whilst its aqueous solution gives a green colour changing 
to blue and finally to violet with the same reagent. 


Bromination of 4-hydroxy-\-naphthotc acid and formation of 4-bromo-1- 
naphthol.—Bromine (0-3 c.c.) diluted with chloroform (5 c.c.) was gradually 








154 ‘Mahomed Akram and R. D. Desai 


added to a cooled chloroform (20c.c.) solution of the acid (1 g.).° Though 
the halogen was rapidly absorbed there was no visible evolution of hydrogen 
bromide. After fifteen minutes, the chloroform was blown off by air, and 
the residue which was insoluble in sodium bicarbonate solution but soluble 
in caustic soda solution crystallised from hexane in needles, m.p. 119-20°. 
(Found : Br, 35-5; Calc. for C;gH,OBr: Br, 35-9 per cent.) 


Reverdin and Kaufmann® give the m.p. of 4-bromo-l-naphthol as 121°. 


2-Nitro-4-acetyl-l1-naphthol (VI).—A solution of fuming nitric acid 
(le.c.; d. = 1-5) in glacia! acetic acid (10c.c.) was gradually added with 
constant shaking and cooling to the solution of 4-acetyl-l-naphthol (5 g.) 
in glacial acetic acid (50c.c.), After four hours the mixture was poured into 
water (250 c.c.) and the solid that gradually separated out was collected and 
treated with 5 per cent. caustic soda solution. The reddish orange alkali 
insoluble sodium salt was dissolved in hot water, and decomposed with 
hydrochloric acid. The yellow solid crystallised from alcohol in yellow 
needles, m.p. 145°. (Found : C, 62-1; H, 4-1; C,.H,O, N requires C, 62-3; 
H, 3-9 per cent.) 


This nitro-derivative must be 2-nitro-4-acetyl-l-naphthol, as its further 
nitration gave 2: 4-dinitro-l-naphthol, m.p. 138°. 


The alcoholic mother-liquor from which 2-nitro-4-acetyl-l-naphthol 
was removed, was concentrated, and gave a small amount of yellow needles, 
m.p. 128°, undepressed by an authentic specimen of 2-nitro-l-naphthol. 


The original alkali-soluble sodium salt gave a solid on acidification and 
crystallised from alcohol in yellow needles, m.p. 138°. undepressed by an 
authentic specimen of 2 : 4-dinitro-1-naphthol. 


Reduction of 4-acetyl-\-naphthol and formation of 4-ethyl-\-naphthol and 
t-ethyl-ac-tetrahydro-\-naphthol (VII).—A mixture of 4-acetyl-1-naphthol 
(20 g.), amalgamated zinc (30 g.) and dilute hydrochloric acid (100 c.c.) was 
heated on sand-bath under reflux for six hours. The oil that floated on the 
top was extracted with ether, and the acidic product was removed from the 
ethereal solution with caustic soda solution. ‘The alkaline solution gave, on 
acidification, an oil which was extracted with ether, dried and distilled when 
it boiled at 160-61°/7 mm. It was a viscous, brown oil which gradually 
solidified and crystallised from hexane in needles, m.p. 42°. The picrate 
prepared in benzene solution crystallised in deep-red plates, m.p. 152-53°, 
Levy (loc. cit.) gives the same melting points for 4-ethyl-1-naphthol and its 
picrate. The ethereal solution on evaporation furnished an oil with a charac- 
teristic smell. It boiled at 110-11°/10 mm. and did not give a picrate under 
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any conditions. Its ethereal solution reacted with sodium liberating 
hydrogen. We feel that it is 4-ethyl-ac-tetrahydro-l-naphthol. (Found: C, 
81-7; H, 9-2; Cy2H,,.O requires C, 81-8; H, 9-1 per cent.) 


4-Ethyl-2-benzeneazo-1-naphthol (VIII) and cis- and trans-forms of the 
Phenylhydrazone of 4-ethyl-B-naphthaquinone (IX).—An ice-cold diazotised 
solution of aniline (1 g.) in hydrochloric acid was gradually added to the 
alkaline solution of 4-ethyl-l-naphthol. A deep red precipitate was immedi- 
ately formed. ‘This was filtered off and treated with 5 per cent. caustic soda. 
The alkaline solution on acidification gave a deep-red powder which did not 
melt upto 300°. (Found: C, 78-0; H, 5-7; CjyH,ON, requires C, 78-3; 
H, 5-8 per cent.) 

The alkali-insoluble residue was extracted with hexane which dissolved 
a considerable portion. ‘This crystallised from alcohol in small needles, 
m.p. 111-12°. (Found: C, 78-2; H, 5-8; C,sH,ON, requires C, 78-3; 
H, 5-8 per cent.) 


The hexane-insoluble portion finally crystallised from benzene in plates, 
m.p. 180-81°. (Found: C, 78-1; H, 5-7; Cy. Hy, ON, requires C, 78-3; 
H, 5-8 per cent.) 

Summary 

A satisfactory method for the synthesis of 4-acetyl-l-naphthol has 
been worked out. The bromination and nitration of this compound 
under various conditions have been studied. We have also reduced it to 
4-ethyl-1-naphthol, which has been coupled with benzenediazonium chloride 
with the formation of an azo-naphthol as well as the phenylhydrazone of 
4-ethyl-8-naphthaquinone. The phenylhydrazone has been obtained in 
two forms. 
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Part IV. The Preparation and Properties of 2 : 4-Diacetyl-1-naphthol 
and 2-Acetyl-4-propionyl-1-naphthol 
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THE lability of the acetyl group in 4-acetyl-l-naphthol and 2-acetyl-1. 
naphthol has already been shown in Parts I and II of this series.‘ With the 
intention of ascertaining the influence of an additional acyl group on the 
lability of these acetyl groups, we havé synthesised 2 : 4-diacetyi-1-naphthol 
and 2-acetyl-4-propionyl-]-naphthol, and studied some of their properties. 
Moreover, these 2: 4-diacyl-l-naphthols serve as admirable intermediates 
for the preparation of 2: 4-dialkyl-l-naphthols, the preparation of which is 
our main objective. 


2 : 4-Diacetyl-l-naphthol has been casually prepared by Witt and Braun? 
and also Popov’, but none of these investigators has studied its reactions. 
We find that the best method of preparing it is the action of acetyl chloride 
on 2-acetyl-l-naphthol in the presence of anhydrous zinc chloride, as the use 
of anhydrous aluminium chloride leads to the formation of by-products of the 
dinaphthol type. Another method which we investigated was the action of 
acetyl chloride on 4-acetyl-l-naphthol in the presence of aluminium chloride 
but the yield was not satisfactory, as considerable quantities of acidic 
as well as neutral products of the dinephthol type were formed. Zinc 
chloride could not replace aluminium chloride in this condensation. More- 
over Nencki Reaction could not be utilised for the preparation of this type of 
compounds from 4-acylnaphthols as the 2: 4-diacyl-naphthols got con- 
verted into 2-acyl-l-naphthols under this condition. We also investigated 
the possibility of preparing this compound by the action of 2 mols. of acetyl 
chloride on a-naphthol, in presence of either aluminium chloride or zinc 
chloride, but the resulting product was not pure. 


Bromination with one mol. of bromine gave a monobromo-derivative 
which was presumably 4-bromacetyl-2-acctyl-l-naphthol (I), as the action 
of hot caustic soda gave an acidic bromine-free product. The dibromo 
derivative could not be prepared in a pure form, but the tribromo derivative 
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which was easily obtained was perhaps 4-dibromoacetyl-2-bromoacetyl-1- 
naphthol (II) as the action of alkali gave a halogen-free acid which was 
probably the naphtha-coumaranone carboxylic acid (III). 


Nitration with one mol. of nitric acid gave mainly 4-nitro-2-acetyl-1- 
naphthol, and 2-nitro-4-acetyl-l-naphthol® together with a small amount 
of 2: 4-dinitro-l-naphthol. Using two mols. of nitric acid, the products 
obtained were mainly 2- nitro-4-acetyl-1-naphthol and 2 : 4-dinitro-1-naphthol 
together with small amounts of 2-nitro-l-naphthol and a polynitro-1-naphthol. 
The most prominent thing during this nitration was the absence of the nitro 
derivatives containing both the acetyl groups in tact, as there was the tendency 
for the acetyl groups in 2 as well as 4 positions to be split off. 

The action of zinc chloride on 2 : 4-diacetyl-l-naphthol in glacial acetic 
acid solution led to the formation of 2-acetyl-l-naphthol, while in presence 
of propionic acid, a mixture of 2-propionyl-l-naphthol and 2-aceiyl-1-naphthol 
was produced. ‘The acetyl group in four position was always split off, while 
in the latter case the acetyl group in 2 position was displaced by the 
propionyl group. 

Vigorous acetylation of 2 : 4-diacetyl-l-naphthol gave 2-methyl-3 : 6- 
diacetyl-1 : 4-a-naphtha-pyrone (IV) which was decomposed by hot alkali 
to 4-acetyl-l-hydroxy-2-naphthoic acid (V), as on heating this acid above 
its melting point a quantitative yield of 4-acetyl-l-naphthol was obtained. 


2-Acetyl-4-propionyl-l-naphthol was obtained by the condensation of 
2-acetyl-1-naphthol with propiony! chloride in the presence of zinc chloride. 
It did not form a picrate, and this was the characteristic of all the 2: 4- 
diacyl-l-naphthols. It formed a monobromo derivative which contained the 
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halogen in the side-chain. Nitration with one mol. of nitric acid gave mainly 
4-nitro-2-acetyl-l-naphthol, and small amounts of 2-nitro-l-naphthol and 
2: 4-dinitro-l-naphthol. The Nencki Reaction with this ketone gave 
2-acetyl-l-naphthol when acetic acid was used, while 2-propionyl-1l-naphthol 
was obtained in presence of propionic acid. 


Experimental 


2: 4-Diacetyl-\-naphthol (a).—To a mixture of powdered anhydrous 
zinc chloride (15 gm.), 2-acetyl-l-naphthol (20g.) and _ nitro-benzene 
(150 c.c.), acetyl chloride (10 g.) was slowly added with constant shaking and 
good cooling. After keeping the mixture at the room temperature for 24 
hours, dilute hydrochloric acid was added, and the nitrobenzene was steam- 
distilled off. The solid which was purified through 5 per cent. caustic soda 
solution crystallised from alcohol in colourless needles, m.p. 141°. The yield 
is almost quantitative. 


(b) Acetyl chloride was slowly added to a solution of 4-acetyl-1-naphthol 
(20 g.), and anhydrous aluminium chloride (15 g.) in nitrobenzene (125 c.c.). 
The mixture was worked up after 48 hours, and the solid left after the removal 
of nitrobenzene was dried and exhaustively extracted with hexane, which 
dissolved 2 : 4-diacetyl-l-naphthol (yield 50 per cent.). The hexane insolube 
portion consisted of unreacted 4-acetyl-l-naphthol and a high melting 
compound of dinaphthol type. (Found: C, 73-5; H, 5-4; Calc. for C,,H,,0, 
C, 73-7; H, 5-3 per cent.) It is soluble in dilute caustic soda, but insoluble 
in sodium bicarbonate solution. Its alcoholic solution gives a greenish black 
colour with ferric chloride. It does not form a picrate. 


4-Bromacetyl-2-acetyl-1-naphthol (I).—5 per cent. chloroform solution 
of bromine (15 c.c.) was slowly added to a solution of 2 : 4-diacetyl-1-naphthol 
(5g.) in chloroform (75c.c.), and the mixture was kept overnight after 
exposing to sunlight for a couple of hours. The solid left after blowing off 
the chloroform crystallised from alcohol in needles, m.p. 164-65°. (Found: 
Br, 26-0; C,4H,,O,Br requires Br, 26-1 per cent.) 


4-Glycollyl-2-acetyl-1-naphthol.—A solution of the mono-bromo derivative 
(1 g.) in 10 per cent. caustic soda (20 c.c.) was heated on sand-bath for three 
hours. The solid obtained on acidification crystallised from hexane in 
needles, m.p. 130.° Its alcoholic solution gave greenish black colour with 
ferric chloride. (Found: C, 68-5; H, 5-0; C,sH,.0O,4 requires C, 68-9; 
H, 4-9 per cent.) 


4-Dibromoacetyl-2-bromoacetyl-1-naphthol (I1).—To a solution of 2: 4- 
diacetyl-l-naphthol (3 g.) in chloroform (50c.c.), a 5 per cent. chloroform 
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solution of bromine (40 c.c.) was gradually added. Copious fumes of hydro- 
gen bromide were evolved on exposing the mixture to sunlight (3 hours), 
and the chloroform was blown off after 48 hours. The residue crystallised 
from a mixture of benzene and hexane in yellow needles m.p. 136°. (Found : 
Br, 51-2 ; C,,;H,O,Br, requires Br, 51-6 per cent.) 

a-Naphthacoumaran-3-one-5-carboxylic acid (III).—A mixture of the 
tribromo derivative (1-5g.) and 10 per cent. caustic soda solution (40 c.c.) 
was heated on sand-bath under reflux for three hcurs. The red solution was 
acidified, and purified through sodium bicarbonate solution. It was free 
from bromine and crystallised from alcohol in small reddish plates, m.p. 
207-09°. (Found: C, 68-0; H, 3-4; C,,;H,O, requires C, 68-4; H, 3-5 per 
cent.) 

Nitration with one mol. of nitric acid and formation of 4-nitro-2-acetyl-1- 
naphthol, 2-nitro-4-acetyl-1-naphthol and 2 : 4-dinitro-1-naphthol.—To a cooled 
solution of 2: 4-diacetyl-l-naphthol (1 g.) in glacial acetic acid (30 c.c.) 
fuming nitric acid (0-2 c.c ; d. = 1-5) was slowly added with constant shaking. 
Within two hours, yellow neeldes, m.p. 159°, separated out. 


This was filtered off, and identified as 4-nitro-2-acetyl-l-naphthol by 
comparison with an authentic specimen. ‘The acetic acid mother-liquor 
was poured into a large quantity of water, and the solid that separated out 
was treated with 5 per cent. caustic soda solution. The alkali insoluble 
reddish, orange sodium salt was filtered off, dissolved in hot water, and acidi- 
fied with hydrochloric acid. The solid crystallised from alcohol in yellcw 
needles, m.p. 145°, and was identified as 2-nitro-4-acetyl-l-naphthol. The 
alkali-soluble sodium salt on acidification gave a solid which crystallised 
from alcohol in lemon-yellow needles, m.p. 138°, and identified as 2 : 4-dinitro- 
l-naphthol by comparison with an authentic specimen. 


Nitration of 2 : 4-diacetyl-1-naphthol with 2 mols. of fuming nitric acid.— 
Fuming nitric acid (0-4 ¢.c. ; d.= 1-5) was slowly added to a cooled solution 
of 2: 4-diacetyl-l-naphthol (1 g.) in glacial acetic acid (60c.c.). The 
mixture was poured into water after 5 hours, and the oil which slowly solidi- 
fied began to separate out. This was treated with 5 per cent. caustic soda 
solution, and the alakli insoluble sodium salt was filtered off. The insoluble 
sodium salt was dissolved in water, and acidified. The solid crystallised from 
alcohol in yellow needles, m.p. 145°, of 2-nitro-4-acetyl-l-naphthol while the 
alcoholic mother-liquor gave a small amount of 2-nitro-l-naphthol, m.p. 128°. 
The alkali soluble salt was acidified and the solid was fractionally crystallised. 
A small amount of lemon-yellow needles, m.p. 215°, of a polynitro-1-naphthol 
was obtained followed by some amount of 2 : 4-dinitro-l-naphthol. 
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Nencki Reaction with 2: 4-diacetyl-l-naphthol using acetic and 
propionic acids.—A solution of anhydrous zinc chloride (1 g.), 2 : 4-diacetyl-1- 
naphthol (1 gm.) and in glacial acetic acid (10 c.c.) was heated on sand-bath 
under reflux for three hours, and poured into water. ‘The solid crystallised 
from alcchol in needles, m.p. 101°, unexpressed by 2-acetyl-l-naphthol. 
When the same experiment was repeated using propionic acid, the solid on 
crystallisation gave a mixture of two types of crystals, which were mechani- 
cally separated. The needles proved to be 2-acetyl-l-naphthol, while the 
cubic plates, m.p. 86°, were identified as 2-propionyl-1-naphthol by comparing 
with an authentic specimen. 

Kostanecki Reaction with 2: 4-diacetyl-l-naphthol and formation of 2- 
methyl-3 : 6-diacetyl-1 : 4-a-naphtha-pyrone (IV).—A mixture of 2 : 4-diacetyl- 
l-naphthol (4 g.), anhydrous sodium acetate (8g.), and acetic anhydride: 
(20 c.c.) was heated in an oil-bath at 180—90° for ten hours, and poured into 
water. The recovered solid was triturated in the cold with a 5 per cent. 
caustic soda solution and crystallised from alcohol (charcoal) when colourless 
long needles, m.p. 170-71°, were obtained. The chromone dissolved in concen- 
trated sulphuric acid giving an intense colour and no fluorescence. Its 
methyl aocoholic solution did not give any colour with magnesium powder 
and hydrochloric acid. (Found: C, 73-4; M, 4-8; C,gH,,sO, requires 
C, 73-5; H, 4-8 per cent.) 


Hydrolysis of the chromone to 1-hydroxy-4-acetyl-2-naphthoic acid (V).— 
‘The chromone (1 g.) suspended in 10 per cent. caustic soda solution was heated 
on sand-bath under reflux for two hours when a clear solution was obtained. 
The solid obtained on acidification was purified through sodium bicarbonate 
and crystallised from alcohol when small plates, m.p. 216° (decomp.), were 
obtained. Its alcoholic solution gave a prussian blue colour with ferric 
chloride, while the aqueous solution gave a green colouration with the same 
reagent. (Found: C, 67-5; H, 4-4; C,3H,,O,4 requires C, 67-8; H, 4-3 per 
cent.) The acid decomposes completely into 4-acetyl-l-naphthol when 
heated at its melting point for half an hour. 


2-A cetyl-4-propionyl-1-naphthol.—Propionyl chloride (15 g.) was slowly 
added to a mixture of 2-acetyl-l-naphthol (30 g.), powdered anhydrous zinc 
chloride (30 g.) and nitrobenzene (250 c.c.). Dilute hydrochloric acid was 
added after 48 hours, and nitrobenzene was removed in steam. The solid after 
purification through 5 per cent. sodium hydroxide crystallised from alcoho} 
in slender needles, m.p. 131° (yield £5 per cent.). It did not form a picrate, 
whilst its alcoholic solution gave a greenish black colouration with ferric 
chloride. (Found: C, 74-0; H, 5-7; C,;H,,0,; requires C, 74-4; H, 5-8 per 
cent.) 
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The mono-bromo derivative was obtained by adding a 5 per cent. solution 
of bromine in chloroform (50 c.c.) to a solution of 4-propionyl-2-acetyl-1- 
naphthol (1 g.) in chlorcform (30 c.c.) and crystallised from alcohol in almost 
colourless needles, m.p. 141°. (Found: Br, 24-9; C,;H,,;0, Br requires Br, 
24-9 per cent.) The bromine was completely removed by heating with 
5 per cent. caustic soda solution for one hour, but the resulting bromine-free 
product could not be obtained in a sufficiently pare form for analysis. When 
heated with glacial acetic acid in presence of z:nc chloride it was converted 
into 2-acetyl-l-n¢phthol. Similarly in the presence of prepionic acid, 
2-propionyl-l-naphthol was obtained. When nitration was carried out as 
usual using one mol. of nitric acid, the main product was 4-nitro-2-acetyl-1- 
naphthol, together with a small amount of 2-nitro-l-naphthol and 2 : 4-dinitro- 
1-naphthol. 

Summary 


2 : 4-Diacetyl-l-naphthol and 2-acetyl-4-propionyl-l-naphthol have been 
prepared and their bromination, nitration and conversion into chromone 
studied. The acyl groups 2 as as well as 4-positions are labile and are 
removed during nitration as well as during the course of the Nencki Reaction. 
There is also the displacement of the acetyl by the propionyl group during 
the course of the latter reaction. 
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7. Historical 


THE existence of a compound between sulphur and iodine has for long, been 
a matter of acute controversy. As early as 1814, Gay-Lussac! fused iodine 
with sulphur and obtained a blackish grey product which was indistinctly 
crystalline. After examining the properties of this substance, he concluded 
that the union between sulphur and iodine was of the most feeble kind. 
Thirteen years later, Henry? described a method in which sulphur iodide 
was stated to have been prepared by fusion of the two elements. For a 
period of nearly 33 years after this, no further work on the subject was 
reported. Between 1860 and 1865 however, a large number of papers de- 
scribed the preparation of “ Sulphur Iodide’ by various methods. Lamers* 
claimed the preparation of sulphur hexaiodide by the slow evaporation of 
a solution of sulphur and iodine in carbon disulphide. Tabular, lustrous 
crystals of ‘‘ Sulphur Iodide’ were obtained by Guthrie* by the action of 
sulphur chloride on alkyl iodides. The study of the freezing point curve of 
sulphur and iodine by Sestini® led him to believe that the two elements formed 
a number of binary compounds which resembled metallic alloys in every 
respect. Schlagdenhauffen* repeated the work of Lamers,’ Guthrie,‘ and 
Sestini,> and confirmed the views of Sestini. 


Sulphur iodide once again became a matter of controversy when Ogier’ 
showed that the heat of solution of the so-called sulphur iodide in carbon 
disulphide, was identical with the sum of the heats of solution of the two 
elements in the same solvent. McLeod® made a thorough investigation of the 
entire subject and put forward convincing arguments to disprove the exist- 
ence of sulphur iodide. A few years later however, Linebarger,® as a result 
of elaborate experiments, concluded that sulphur iodide did exist. According 
to him, ‘“ The compound sulphur iodide was in a very weak state of combi- 
nation ; it partook more of the nature of the so-called molecular compounds.”’ 
Linebarger® unfortunately, made no reference to the work of McLeod.* The 
careful investigations of Snape!® and MacIvor™ showed beyond doubt, that 
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“ Sulphur Iodide’ crystals were in reality mixtures of sulphur and iodine. 
Smith and Carson” and later Ephraim" studied the freezing point curves of 
sulphur and iodine and concluded that the fused product was either a simple 
mixture or a solid solution. ‘The vapour pressure of iodine, for mixtures of 
the two elements at various temperatures, was investigated by Wright who 
showed that the ‘‘ Sulphur Iodide ’’ was not even a solid solution but was 
merely a mixture of sulphur and iodine. 


In comparatively recent years, the equilibrium between sulphur and 
iodine in a number of solvents was studied by Amadori!® under conditions 
supposed to be most favourable for the formation of sulphur iodide. 
He concluded that the compound did not exist. The investigations of Mori?*® 
were similar in nature to that of Amadori!® and he confirmed the views of the 
latter. Studies in the magnetic susceptibility by Varadachari and Subra- 
maniam!? showed conclusively that the so-called sulphur iodide was merely 
a mixture of the two elements. In conclusion, it may be stated that no 
irreproachable evidence has so far been adduced to prove the existence of any 
compound between sulphur and iodine. 


While estimating the iodine liberated, when a dilute solution of sulphur 
chloride in carbon tetrachloride was brought in contact with dry potassium 
iodide, the author noticed that a yellowish violet colouration was _ first 
imparted to the solvent. On keeping, the colour of the solution changed 
to pure violet, the normal colour of iodine in carbon tetrachloride. It was 
further noticed that the free iodine present in the yellowish violet solution, 
was invariably less than the calculated amount. Exposed to diffuse light 
for two hours, the solution lost the yellow colour and the theoretical amount 
of iodine was liberated. The yellow colour was suspected to be due to 
sulphur iodide. The reaction was therefore systematically investigated. 


2. Experimental 


Reagents used. Carbon tetrachloride.—Carbon tetrachloride of C.P. 
quality was freed from sulphur by distillation, the product being tested with 
mercury for traces of sulphur. The solvent was dried over phosphorus 
pentoxide and distilled using a spray trap. 


Potassium iodide.—Potassium iodide (Merck’s extra pure quality) was 
finely powdered and dried over phosphorus pentoxide in a vaccum desiccator 
for 24 hours. 


Sulphur chloride.—The purification of sulphur chloride was carried out by 
the following method described by Harvey and Schuette.'8 Sulphur chloride 
(C.P. quality) was mixed with 1% each, of sulphur and activated carbon 
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and heated on a water-bath for four hours and then distilled under reduced 
pressure (28 mm.) at about 42° using an all-glass apparatus. The sulphur 
chloride was immediately transferred to a ground-glass bottle containing 2 kg. 
of dry carbon tetrachloride. The stock solution thus obtained was preserved 
in the dark, in an apparatus which permitted the withdrawal of portions of 
the solution without contact with the atmospheric moisture. Periodical 
analysis by the method described below revealed that the concentration of 
sulphur chloride in the stock solution was unaffected by storage. 


3. Analysis of Sulphur Chloride 


Kretov’® estimated sulphur chloride by heating a known weight of it 
with alakli (2 N) on a water-bath. The resulting mixture was oxidised with 
pure hydrogen peroxide and after cooling, the solution was diluted to a known 
volume. Chlorine was estimated in an aliquot by Volhard’s method and 
sulphur was estimated gravimetrically as barium sulphate. While this 
method was found by the present author to be quite satisfactory for the 
determination of the chlorine content, accurate values for sulphur could not 
be obtained owing to incomplete dissolution of free sulphur in the alkali. 
The following method developed in this laboratory (B. S. Rao and M. R. A. 
Rao®*) was found to be suitable for the estimation of sulphur. A known 
quantity of sulphur chloride solution was thoroughly shaken up with mercury 
in excess and the mercuric sulphide formed was treated with a concentrated 
solution of hydrogen iodide. The hydrogen sulphide liberated was absorbed 
in zinc hydroxide suspension in dilute alkali and estimated iodometrically. 
The sulphur chloride present in the stock solution, was also estimated by the 
following method. Dry potassium iodide (3-4 g.) was added to a known 
weight of sulphur chloride solution in a stoppered bottle and the mixture 
well shaken (on a shaking machine) for 10 minutes to complete the reaction. 
The bottle was then set aside for two hours, at the end of which period, no 
yellow tinge (due to sulphur iodide) could be detected in the solution. The 
free iodine liberated was estimated by titration with sodium thiosulphate 
(0-01 N). The analytical values are given below. 


TABLE I 


Analysis of sulphur chloride 





S by the HgS method oa «of 10°22 « 10%; atom/g. stock solution 


Cl by the Kretov method ma --| 10-20 


” 


I equivalent of S.Cl, by the KI methol ..} 10-27 


9 ry ory 


Average value for the S and Cl contents ..| 10-24 


9 sf ” 
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The sulphur and chlorine contents of the sulphur chloride solution were 
therefore in accordance with the formula S,Cl,, thereby indicating that the 
sulphur chlcride was quite pure. Anothcr important conclusion was that 


sulphur chloride quantitatively reacted with solid potassium iodide according 
to the equation : 


S.Cl, + 2 KI ~28 +I, + 2 KCl. 


4. Time Required for Complete Reaction between Sulphur Chloride 
and Potassium Iodide 


For quantitative investigations on sulphur iodide, it was necessary to 
find out the time required for the complete decomposition of sulphur chloride 
solution by potassium iodide powder. The following procedure was adopted 
for this purpose. A weighed quantity of sulphur chloride solution (18 g.) was 
introduced into a litre bottle containing a known amount (1-6 kg.) of carbon 
tetrachloride. 10g. of potassium iodide were added to the mixture and the 
shaking machine was started. Samples of the clear liquid (decanted free from 
potassium iodide) were withdrawn at intervals and kept aside in diffuse day- 
light for two hours to complete the decomposition of sulphur iodide. Iodine 
in these samples was estimated colorimetrically using a solution of iodine in 


carbon tetrachloride as a standard. The following results were obtained. 


TABLE II 


Tire of reaction between sulphur chloride and potassium 
1odide 





Time of shaking {Min.) a 2 | i 6 8 10 20 


% of Salphur chloride reacted 60°5 | 87-5 99 -0 100 100 100 








Thus under the conditions described, shaking for 6-8 min. was sufficient for 
the complete reaction between sulphur chloride and potassium iodide. 
Whenever the above experimental conditions were changed, fresh experiments 
were catried out to dete:mine the time of reaction. 


5. Effect of Dilution on the Decomposition of Sulphur Iodide 


It was noticed that an increase in the concentration of sulphur iodide 
enhanced the rate of decomposition of the substance. 18 g. of the stock 
sulphur chloride solution were diluted with 400 g. of carbon tetrachloride in 
a 300 c.c. stoppered bottle and the contents shaken up for 10 minutes and 
then set aside for two hours for the complete decomposition of sulphur iodide. 
The resulting solution was used in colour comparison as a standard represent- 
ing complete decomposition of sulphur iodide, In the next experiment the 
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same weight of the sulphur chloride solution was treated with carbon tetra- 
chloride and potassium iodide, in a manner identical with that of the previous 
experiment. After shaking, the sulphur iodide solution was decanted and trans- 
ferred to the colorimeter cup and compared with the colour standard from time 
to time. The period of complete decomposition was taken to be the time 
required for the attainment of identical colours in the two colorimeter cups. 
The sulphur iodide in the above experiment required 17 minutes for complete 
decomposition while a solution of one-fourth its concentration took 26 
minutes. 


6. Effect of Light on the Decomposition of Sulphur Iodide 


Light favoured the decomposition of sulphur iodide. Equai quantities 
of sulphur chloride were added to two bottles containing equal amounts of 
carbon tetrachloride and potassium iodide and shaken up as usual. One 
of the bettles was kept in the dark while the other was kept in diffuse light. 
These two solutions were compared periodically with the colour standard. 
The sulphur icdide exposed to light decomposed in 20 minutes while in the 
other solution sulphur iodide could be detected even after 15 hours. 


7. Effect of Temperature on the Decomposition 


‘Lhe rate of decomposition of sulphur iodide was very much accelerated 
by an increase in temperature. Equal amounts of diluted sulphur chloride 
solutions were introduced into two bottles which had been wrapped in black 
cloth. One of the bottles was kept in an air thermostat at 30° and the other 
was cooled in ice. Maintaining the two bottles at their respective tempera- 
tures, potassium iodide was added to each and the contents were shaken fer 
10 minutes. At the end of a period of 30 hours, the solution at 20° was 
noticed to have practically no sulphur iodide, while quite an appreciable 
amount of the iodide was found to exist in the bottle at 0°C. At the lower 
temperature, more than 70 hours were required for complete decomposition. 

8. Chemical Evidence for the Existence of Sulphur Iodide 

In arguing that sulphur iodide did not exist, McI,eod® and MacIvor!! 
pointed out that the so-called sulphur iodide preparations on treatment with 
alkali decomposed quantitatively into elementary sulphur and iodine, while 
the corresponding chloride of sulphur yielded sulphide, sulphite and small 
quantities of thiosulphate. The reaction between solutions of sulphur 
chloride in carbon tetrachloride and aqueous alkali has been studied in this 
laboratory by B. S. Rao.2!_ He found that dilute solutions of the chloride, 
when shaken with alkali (2 N and above), give sulphide, sulphite and small 
quantities of thiosulphate and free sulphur. An increase in the concentration 
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of the alkali or an increase in the dilution of sulphur chloride was found by 
him to reduce the production of sulphur and to promote the reaction giving 
sulphide and sulphite. If sulphur iodide is really produced by shaking sulphur 
chloride solution with potassium iodide, the resulting product could be 
expected to react with alkali in a way similar to sulphur chloride. The 
reaction of the sulphur iodide with alkali was therefore studied in detail as 
described below. 


A weighed quantity (18 g.) of the stock solution of sulphur chloride was 
introduced into a bottle containing a known weight of carbon tetrachloride. 
The bottle was well protected from light. 10g. of potassium iodide were 
quickly added and the bottle shaken for 10 minutes. This interval was 
found to be adequate for complete reaction between sulphur chloride and 
potassium iodide. It was however necessary to confirm that no unreacted 
sulphur chloride was present in the sulphur iodide solution. The absence of 
sulphur chloride was established by a quantitative estimation (colorimetri- 
cally) of the iodine liberated in a sample of the decanted sulphur iodide 
solution which was allowed to stand in diffused light for two hours to complete 
the decomposition of the iodide. 


Immediately after the withdrawal of the sample (for the colour com- 
parison) aqueous sodium hydroxide containing freshly precipitated cadmium 
hydroxide in suspension, was added and the bottle shaken for 5 minutes to 
complete the reaction between the alkali and the sulphur iodide (the object 
of having cadmium hydroxide was to bind the sulphide produced with a view 
to prevent any possible side reactions). At this state, the aqueous phase 
held in solution sodium sulphite and thiosulphate and had in suspension 
cadmium sulphide and the unreacted cadmium hydroxide while the carbon 
tetrachloride layer held the free sulphur produced during the reaction. The 
carbon tetrachloride was removed and the dissolved sulphur estimated by 
the method already indicated.2® The aqueous solution was filtered and the 
cadmium sulphide washed and estimated iodometrically. ‘The filtrate was 
made up to 250c.c. and aliquots were used for the estimation of the sulphite 
and the thiosulphate according to the method of Kurtenacker and Goldbach.” 
During the course of hydrolysis, some sulphur iodide might probably decom- 
pose into sulphur and iodine, the latter oxidising some sulphite to sulphate. 
The possibility of atmospheric oxidation of the sulphite during filtration, 
had also to be considered. It was, therefore necessary to oxidise both the 
sulphite and the thiosulphate in a sample of the filtrate and determine the 
total sulphur as barium sulphate. It was found that the sulphite as deter- 
mined volumetrically was slightly less than what corresponded to the dif- 


ference between the barium sulphate and the thiosulphate values. It was 
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evident that a portion of the sulphite had been oxidised to sulphate. The 
difference between the sulphur determined as barium sulphate and that 
present as thiosulphate was therefore taken to be the correct value for the 
sulphite formed during hydrolysis. The microchemical method of Pregl 
was employed for the estimation of sulphate. In the earlier experiments, 
hydrogen peroxide was used for oxidising the aqueous solution but it was 
found that the oxidation was incomplete in presence of potassium iodide. 
A mixture of bromine and alkali was found to effect quantitative oxidation 
and was therefore used in subsequent experiments. In Table IIT are given 
the results of the experiments on the hydrolvsis of sulphur iodide by alkali. 
In these experiments the dilution of sulphur iodide was kept fairly constant 
but the strength of the alkali was increased from 2 N to 15 N. 


TABLE II] 
Effect of concentration of alkali on the hydrolysis of sulphur iodide 


(1g. of stock solution corresponds to 10-24 x 10-° g. atcm of 
sulphur as sulphur iodide) 








(1) Strength of the alkali aus +e <a 15 N | 15 N 5N | 2N 
(2) Dilution (g. CCl, per g. of stock solution) ‘ 4 84-3 | 84-4 85-4 | 88-1 
(3) %S converted into Na.S | 19-8 22-5 1-2 0-6 
(4) - pe Na.SO; ne z 27-0 | 29-4 12-5 | 14-6 
(5). ie Na.$.05 | 16-5 | 14.9 26-2 20-3 
(6) % of free Sin CCl, | 3364 29-8 57 -6 62-5 
(7) % of free S in aq. phase (by diff.) .. wal 3-3 | 3-4 2-5 2-0 
(8) % of total free S (6 + 7) nA ; ; 36-7 | 33-2 60-1 64-5 





(The sulphur in aqueous suspension could not be experimentally determined. 
The quantity was calculated by assuming that sulphide, sulphite, thiosul- 
phate and free sulphur were the only products of the reaction.) 


The results show that when the alkali strength is higher the sulphide 
and the sulphite increase but the free sulphur decreeses. This is in con- 
formity with the observations of B. 5. Rao*! on the hydrolysis of sulphur 
chloride. 


It has to be pointed out that under the conditions of the experiment 
no sulphide, sulphite or thiosulphate are formed by the reaction between the 
concentrated alkali and the elementary sulphur present in carbon tetra- 
chloride. This was shown by the following experiment. Sulphur iodide 
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prepared by the method described above was allowed to decompose com- 
pletely into sulphur and iodine. The solution was then shaken up with 
alkali (15 N) and the aqueous and the carbon tetrachloride layers analysed 
in the usual manner. ‘The aqueous solution, after oxidation and treatment 
with barium chloride, produced no detectable quantity of barium sulphate. 
This showed that very little reaction took place between the dissolved sulphur 
and the alkali. Besides, the aqueous solution on acidification yielded almost 
(98-5°%) the theoretical amount of iodine. The sulphur in carbon tetra- 
chloride was found to be a little less (95-2%) than the theoretical value. 
This was due to the fact that during the decomposition of sulphur iodide, a 
portion of the sulphur got deposited on the glass surface of the bottle and did 
not completely go into solution in the carbon tetrachloride. ‘This experiment 
showed conclusively that the sulphur compounds in the aqueous solution had 
been entirely formed by the hydrolysis of sulphur iodide. 


9. Effect of Dilution of Sulphur Iodide on the Hydrolysis 
by Alkali 


Alkali of two different concentrations was employed in trying the effect 
of dilution of sulphur iodide on the products of hydrolysis. Experiments with 
15 N alkali were carried out at 26° and those with 2 N alkali, at 30° C. 
Results obtained are indicated in Table IV. 


TABLE IV 


Effect of dilution of sulphur iodide on the products of hydrolysis 
lg. of stock solution corresponds to 10-24 x 10-° g. atom of 
ait as sulphur iodide) 





(1) Strength of the alkali ..]15 N | 15N 1I5N |15N | 2N 2N 2N 2N 
(2) Dilution (g. of CCl, anit g. 

of stock solution) 4-4 | 20-3 | 84-4 |220-9 | 86-5 |186-1 [185-5 |1663-0 
(3) % of sulphur converted 

into NaS i oo 8-7 | 22-5] 19-6] 0-7 1-2 3-5 13 -6 
(4) % of sulphur converted 

into Na,SO, .-| 17-6 | 22-4 | 29-5 | 23-7 | 14-5 | 18-2 [ 13-4 20 +3 


(5) % of sulphur converted 
into Na,8,03 ..| 1-7 | 16-9 | 14-9 ( 21-7 | 21-8 | 24-1 | 28-0] 20-7 


(6) % of sulphur converted 
into free sulphur (by 
diff. ) .-| 78-4 | 52-0 | 33-1 | 35-0 | 63-0 | 61-5 


or 
or 
—_ 
— 
or 
~ 





























These results showed that with an increase in dilution of sulphur iodide the 
telative proportion of sulphide increased and that of free sulphur diminished. 








170 M. R. Aswathanarayana Rao 


This was in complete accord with the behaviour of sulphur chloride (B.S. 
Rao?*?). 

10. Effect of Temperature on the Hydrolysis of Sulphur Iodide 

In studying the effect of temperature, the sulphur iodide solution was 
prepared at 0° C. and hydrolysed with alkali at the same temperature. The 
following results were obtained. (Results of hydrolysis at 30° have already 
been given in Table IV.) 
TABLE V 
Hydrolysis of sulphur iodide at 0° C. 

(1 g. of stock solution corresponds to 10-24 x 10-° g. atom of sulphur 

as sulphur iodide) Strength of the alkali =2N 





(1) Dilution (g. of CCl, jg. of stock solution) ; 86°38 | 188-7 309-5 
(2) % of S converted into Na,S ‘ ; 1-0 | 0-5 0-5 
(3) % of S converted into Na,SO, : ] 8°3 | 12-2 12-6 
(4) % of S converted into Na,S.O0, | 34 | 24-6 24-6 
(5) % of S coverted into free S (by diff.) ; | 57 +3 | 62-7 62-3 





It is interesting to note that the relative proportions of the products of hydro- 
lysis at 0° remained fairly constant for different dilutions of sulphur iodide. 
11. Discussion 

The experimental observations recorded in this paper show conclusively 
that when a dilute solution of sulphur chloride in carbon tetrachloride is 
treated with dry potassium iodide, sulphur iodide is formed. ‘The products 
of reaction cannot be merely sulphur and iodine or a non-chemical complex 
of these two elements. If sulphur and iodine are the primary products of 
reaction, it is difficult to account for the formation of sulphide, sulphite and 
thiosulphate when the solution (which does not contain any unreacted sulphur 
cnloride) is treated with sodium hydroxide. When carbon tetrachloride 
solutions of sulphur and iodine in corresponding concentrations are mixed 
together and shaken with alakli, no detectable amounts of sulphide, etc., are 
produced. It is significant that the relative amounts of the products of hydro- 


lysis of sulphur iodide closely correspond with those obtained when sulphur 
chloride is hydrolysed. 


The nature of the hydrolysis of sulphur chloride by aqueous alkali, has 
been explained by B. S. Rao.*4 He has assumed that disulphur oxide (S,O) 
is the primary product formed whenever sulphur chloride hydrolyses. 

















/nvestigations on the lodide of Sulphur—TI/ 171 


/ 


Thus, 


S,0 is highly reactive and immediately reacts with alkali according to the 
following scheme : 


(1) $0 + H,O > H,S + SO, 
H.S + SO, + 4NaOH — Na,SO; + Na.S + 3 H,O 
(2) 28,0 +38 +SO, 
SO, + 2 NaOH — Na,SO; + H,O 
(3) 28,0 +2S +S,0, 
S,0, + 2 NaOH — Na,S,0, + H,0O. 
On hydrolysis with sodium hydroxide (2 N and above), sulphur chloride 


yields besides sulphur, only the following compounds; sodium sulphite, 
sodium sulphide, and sodium thiosulphate. 


Therefore, the sulphide obtained = 
Sulphite . = St 7 
Thiosulphate .. = 5 
Free sulphur = = 42 where, 


a, b and ¢ are the number of g. atoms of sulphur reacting according to the 
equations 1, 2 and 3 respectively. ‘The value of a, b and c can therefore be 
calculated from the observed values of sulphide, sulphite and thiosulphate. 
With sulphur chloride, B. S. Rao? has found that, within the limits of experi- 
mental error a -+ b + c = 100 when a, 6 and ¢ are expressed in percentages 
of the total sulphur (as sulphur chloride), taking part in each of the three 
reactions. He concludes therefore, that only the reactions 1, 2 and 3 occur 
when sulphur chloride is hydrolysed by alkali. 


Assuming that the reaction of sulphur iodide with alkali is analogous 
to that of sulphur chloride, the values of a, 6 and c can be calculated. 
The results are given in Table VI. 


From Table VI it is seen that in most of the experiments the sum of 
a,b and c is nearly equal to 100 (the experimental error in the analytical work 
being of the order of 3%). This indicates that under the conditions described 
there is practically no decomposition of the sulphur iodide (into sulphur and 
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jodine) and that the iodide reacts with the alkaliin a way similar to the hydro- 
lysis of sulphur chloride by alkali. Results of Table VI (6) are of special 
interest. In this experiment a + 6+ c =69-2% only. This low value 
cannot be due to the experimental errors. The sulphur iodide solution used 
in this experiment is comparatively strong (1 g. stock solution being diluted 
with only 4-4 g. of CCl,) and as pointed out already, concentrated solutions 
of sulphur iodide decompose rapidly into sulphur and iodine. Hence the 
analytical results indicate a decomposition of at least 31°% within 10 minutes. 
It is evident from Table VI (a) that the value of (a) increases with an increase 
in concentration of the alkali while (0) diminishes. As expected, the dilution 
of sulphur iodide (Table VI c) enhances the value of (a) but diminishes that 
of (b). These results are in complete agreement with these obtained by 
B. S. Rao?! in his work of sulphur chloride and show conclusively that sulphur 
iodide though highly unstable, has independent existence in carbon tetra- 
chloride solutions. 
Summary 


(1) In chemical literature, sulphur iodide has been stated to have no 
existence. In this paper evidence is presented to show that sulphur mono- 
iodide is formed in carbon tetrachloride solutions, when a dilute solution of 
sulphur chloride. is treated with solid potassium iodide. 


(2) A dilute solution of sulphur iodide is yellow in colour. ‘The iodide 
rapidly decomposes at ordinary temperatures giving sulphur and iodine. At 
low temperatures, however, the solutions are comparatively stable. Light is 
found to promote the decomposition of sulphur iodide. 


(3) The reaction of sulphur iodide (in carbon tetrachloride solutions) 
with aqueous sodium hydroxide is analogous to that of sulphur chloride with 
alkali. 
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7. Introduction 


It has been shown in the previous paper (Part I) that a solution of sulphur 
iodide decomposes even when kept in the daik. A study of the rate of 
decomposition is of particular interest as it enables one to calculate the 
time required for fractional or complete decomposition of sulphur iodide. 
The colorimetric method of determining the period of complete decomposition 
has been described in Part I. When colour comparisons of sulphur iodide 
solutions are made in a colorimeter, exposure to the source of illumination 
causes considerable decomposition of the iodide and renders the quantita- 
tive measurements impracticable. The hydrolysis of sulphur chloride with 
alkali solutions however, can be employed for the determination of sulphur 
iodide concentration. It has been shown that the nature of hydrolysis 
depends upon the temperature, the strength of the alkali and the concentra- 
tion of the sulphur iodide itself. Alkali concentration and the temperature 
at which the hydrolysis takes place, can be controlled but the concentration 
of sulphur iodide goes on altering as the decomposition proceeds. Added 
to this, the iodine liberated during the decomposition, oxidises the thiosul- 
phate resulting in erroneous values. ‘Therefore the calculation of sulphur 
iodide concentration from the values of a, b and c (Part I) is not practicable. 
The iodide concentration can however be calculated by assuming that the 
total amount of sulphur that passes into the aqueous phase (when hydrolysed 
with alkali) as sulphide, sulphite and thiosulphate, is a function of sulphur 
iodide concentration provided the temperature and the strength of the 
alkali remain constant. For instance, the concentration of sulphur iodide 
in the first experiment in which 2 N alkali is used (Table IV, Part I, where 


it is shown that no decomposition of the iodide has taken place), is found 
10-24 x 10-5 


to be (86-5 1-0) ~ 1-17 x 10-*g. atom of sulphur per g. of carbon 


tetrachloride solution. The quantity of sulphur that passed into the aqueous 
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solution on hydrolysis (7.e., sulphide + sulphite + thiosulphate) is 
it e* 

OT + ah + SI eiix : 

(0-7 + 14-5 1-8) 100 

g. atom of sulphur per g. of solution. Similar calculations for other experi- 

ments indicated in ‘Tables IV and V (Part I) give values noted in the follow- 

ing Table :— 


= 0-433 x 10-8 


TABLE I 


Sulphur passing into the aqueous phase on hydrolysis 





| 
Temperature | 30° C. 0°. 





S present as SI, (g. atom of 


S per g. of CUl,) x 16° .. 1-170 | 0-547 | 0-233 | 0-062 | 1-166 | 0-539 





0-330 
| 
| 


0-211 | 0-106 | 0-034 | 0-498 | 0-201 | 0-124 


aq. medium after hydro- 
lysis (g. atom of S per g. 
of CCl,) x 108 ..| 0-483 


| 
| 
| 


| 
| 
S present as S compounds in 
| 
! 
| 
| 

















The curves obtained from the values enable one to determine the concentra- 
tion of sulphur iodide. 
2. Experimental 

The reagents used were prepared in the manner described in Part I. 
The rate of decomposition of sulphur iodide was determined in the follow- 
ing way at 0°C. ‘The stock solution of sulphur chloride (17-78 g.) was mixed 
with carbon tetrachloride (1624 g.) in a litre bottle and cooled to the tempe- 
rature of ice. The bottle was then transferred to a wooden box containing 
ice and the sulphur iodide was prepared in the way described in Part I. The 
iodide was kept at 0°C. in a dark room. A 250c.c. bottle containing the 
mixture of cadmium hydroxide and alkali was weighed and then cooled in 
ice. The sulphur iodide solution was sucked at constant pressure into the 
bottle for a definite period (using a metronome) admitting only dry air into 
the bottle containing the stock solution. The period of suction for filling 
the bottle with about 200c.c. of carbon tetrachloride had previously been 
determined. ‘This enabled the transfer of the requisite amount of sulphur 
iodide solution in the dark room. Immediately after the transfer of sulphur 
iodide, the contents of the bottle were thoroughly shaken for 5 minutes. 
The bottle could then be removed from the dark room and weighed again 
to determine the exact weight of sulphur iodide solution transferred. The 
aqueous layer was separated from the carbon tetrachloride, the cadmium 
sulphide filtered off and estimated iodometrically. The sulphur compounds 
in the filtrate were oxidised by sodium hypobromite and estimated as barium 
sulphate. The sulphur corresponding to the sum of the cadmium sulphide 
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and the barium sulphate was calculated. The sulphur iodide was deter- 
mined from this sulphur value by making use of the graph obtained, from 

the values given in Table I. Samples of sulphur iodide solution were 
’ removed at intervals and the concentration of the undecomposed sulphur 
iodide in each was determined. The rate of decomposition of sulphur 
iodide at 30° was similarly determined. An air thermostat at 30°C. was 
employed in these experiments. Results obtained are given in Table II. 
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Curve 1. Relationship between log (a-x) and time at 0° C. 


Curye 2. Relationship between log (a-x) and time at 30° C. 
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When the data of Table II were applied to the unimolecular equation 
2-303 a 


K = j log a where, 


K = velocity constant, 
a = initial concentration of sulphur iodide, 
(@ — x) = concentration of sulphur iodide at time f, 

it was noticed that a straight line relationship existed between log (a — x) 
and the time / (Fig. 1). The decomposition of sulphur iodide can therefore 
be considered to be a reaction of the first order. The values of K obtained 
at different concentrations of sulphur iodide are given in Table 1I. It is 
noticed that in the initial stages (when the concentration of the iodide is 
high), K is comparatively high. But as the decomposition proceeds, there 
is a drop in the value of K and it then tends to be constant. The average 
value of the velocity constant for the decomposition of sulphur iodide at 
30° is 0-0747 per hour while, that at 0° is 0-0197 per hour. Sulphur iodide 
in carbon tetrachloride solution therefore decomposes at 30° with about 
four times the velocity of decomposition at 0°C. ‘The ‘‘ Apparent ’’ energy 
of activation as calculated by employing the Arrhenius equation (Hinshel- 
wood!) is found to be 7303 cals. per g. mole of sulphur iodide. 


3. Effect of Glass Surface on the Decomposition of Sulphur Iodide 


When sulphur iodide decomposes in a bottle, the walls of the glass 
vessel generally get coated with a thin layer of sulphur. This raises the 
possibility of the decomposition being heterogeneous in character. In order 
to clear this point, the following experiment was tried. Sulphur iodide 
(lg. of stock sclution diluted with 85-6g. of carbon tetrachloride) was 
prepared in the usual manner and divided into three approximately equal 
portions and kept in the dark room. ‘The first portion was introduced into 
a dry bottle (250 c.c. capacity), the second portion into a dry quartz flask 
having approximately the same area as the glass bottle and the third portion 
into a dry glass bottle (similar to the previous glass bottle) containing dry 
glass beads to provide a glass surface of twice the area. All these containers 
were weighed before the introduction of the sulphur iodide. The iodide 
solutions were allowed to remain for 3-5 hours. At the end of this period 
each of the solutions was treated with a weighed quantity of the alkeli mix- 
ture (25c.c. of 2N sodium hydroxide holding cadmium hydroxide in 
suspension) and weighed. The weight of the sulphur iodide solution taken 
could therefore be calculated. By analysis of the aqueous layer the percent- 
age of the undecomposed sulphur iodide was determined. The results are 
given in the following table :— 











M. R. Aswathanarayana Rao 
TABLE V 


Influence of surface on the rate of decomposition of sulphur iodide 





Sl, present after 
3°5 hours 





(1) Glass bottle 77-4 
(2) Quartz flask 77-2 
(3) Glass bottle ++ 

glass beads ys 76-0 





These results show that there is no appreciable difierence in the rate of 
decomposition whether the surface in contact with the solution is that of 
glass or quartz. But the surface itself seems to have a small accelerating 
effect on the decomposition. Thus when the glass surface is doubled the 
decomposition is increased by about 0-6°%. This indicates that the re- 
action is practically homogeneous. 


4. Spectroscopic Studies on Sulphur Iodide 


(a) Effect of light on the decomposition of sulphur todide.—Sulphur iodide 
in carbon tetrachloride solutions gives a characteristic absorption spectrum. 
The decomposition of sulphur iodide can therefore be conveniently studied 
spectroscopically. A Hilger Constant Deviation Spectrograph was used in 
the investigations. A pointolite lamp was used as the source of illumination 
and the light from this was rendered parallel by means of a suitable combi- 
nation of lenses. The current passing through the lamp wes maintained 
constant to keep the intensity of illumination uniform throughout. ‘The 
lamp, the lens and the absorption tube were all kept in fixed positions. 
A sample of the sulphur iodide solution (1g. stock solution diluted with 
112-0 g. of carbon tetrachloride) was introduced to a quartz Baly tube to 
a depth of 10 cm. and the remaining portion of the solution was kept in the 
dark as usual. During the first exposure (Plate VII), the solution remained 
quite yellow in colour indicating thereby, that there was practically no 
decomposition of sulphur iodide. The period of exposure was 20 seconds in 
each case. Subsequent exposures (2nd, 3rd and 4th) were taken after 
5, 8 and 15 minutes respectively, keeping the lamp on throughout. Before 
the 4th exposure, it was noticed that all the sulphur iodide had completely 
decomposed. A solution of sulphur and iodine in carbon tetrachloride having 
the same concentration as the decomposed sulphur iodide was used for the 
5th exposure. The 6th, 7th and the 8th exposures were taken with the same 
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sulphur iodide solution (preserved in darkness) at the end of 8, 15 and 23 
hours respectively, keeping other conditions like time of exposure, depth of 
the liquid column, etc., the same. The following conclusions can be drawn 
from a study of Plate VII. When the sulphur iodide is in an undecomposed 
state (spectrogram 1), there is complete absorption of light for all wavelengths 
below 4770 A. As the decomposition proceeds (spectrograms 2 and 3) the 
absorption band extends towards the regian of higher wavelength. At the 
same time transmission of light takes place in the violet region. But when 
all the sulphur iodide is completely decomposed (spectrogram 4) the absorp- 
tion band extents from 5630 to 4640 A. The 5th spectrogram is identical 
with the 4th, indicating that on complete decompostion the sulphur iodide 
solution is identical with a solution of carbon tetrachloride in. which the 
corresponding quantities of sulphur and iodine are dissolved. When the 
sulphur iodide solution is kept in darkness the rate of dicomposition is small. 
Thus spectrograms 2 and 3 are roughly equal in intensity to the spectrograms 
6 and 7 respectively. This indicates that the decomposition of sulphur 
iodide within 5 and 8 minutes in presence of light, is approximately equal 
to the decomposition of the substance in 8 and 15 hours respectively, when 
the solution is kept in darkness. Thus the velocity of decomposition of 
sulphur iodide is considerably increased by exposure to light. The intensity of 
spectrogram 8 is much less than that of spectrogram 4. It can therefore 
be concluded that sulphur iodide does not get completely decomposed even 


when kept (in the dark) for 23 hours. These results are in conformity with 
the results obtained in Part I. 


5. Effect of Dilution on the Decomposition of Sulphur Iodide 

From Plate VII, it can be inferred that with the progressive decomposi- 
tion of sulphur iodide, the solution becomes more and more transparent to 
violet light. This fact can be employed to detect the extent of decomposi- 
tion in a given sample of the iodide solution. In order to study the effect 
of dilution on decomposition, two solutions A and B having different con- 
centrations of sulphur iodide were prepared. Solution A had 0-87 x 10-*g. 
atom of sluphur as sulphur iodide per g. carbon tetrachloride while solution 
B was thrice as concentrated (2-9 x 10-*g. atom/g. CCl,). The depth of 
the liquid column exposed was inversely proportional to the concentration 
of the sulphur iodide. The first exposure of both the samples (Plate VIII, 
spectrogram 1 for solution A and spectrogram 5 for solution B) was taken 
at the third minute after the preparation of the iodide. Spectrograms 
2, 3 and 4 were taken with the dilute solution at intervals of 5, 8 and 15 
minutes respectively, the 6th, 7th and the 8th were with the stronger 
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solution at the same intervals, keeping both the samples exposed to the light 
of the pointolite lamp. 

A study of Plate VIII indicates that in the violet region, spectrogram 5 is 
only a little less in intensity then spectrogram 2. This shows that the 
solution A when exposed to light for 5 minutes is decomposed practically to 
the same extent as solution B kept in the dark for three minutes after its 
preparation. Similarly the anfount of decomposition of solution A in 
18 minutes (when exposed to light) is almost equal to the decomposition of 
solution B when similarly exposed for only 5 minutes. The 4th and the 
8th spectrograms are of equal intensity showing that within 15 minutes of 
exposure to light, all sulphur iodidé has decomposed in both the solutions, 
Thus the spectroscopic evidence confirms the observation that with an 
increase in the concentration of sulphur iodide its decomposition is more 
rapid. 


6. Effect of Temperature on the Rate of Decomposition of Sulphur Iodide 


Plate IX shows the effect of temperature on decomposition. The 
iodide solution used had a concentration of 1-05 x 10-*g. atom of sulphur 
as sulphur iodide per g. carbon tetrachloride. Spectrograms 4—6 were taken 
at 0°C. at intervals of 11-5, 26-4 and 36-3 hours, spectrograms 1-3 were 
with the solution at 30°C., the intervals being 1-7, 4-8 and 6-7 hours 
respectively. It can be seen that the spectrograms (1 and 4), (2 and 5) and 
(3 and 6) are practically equal in intensity. This indicates that the concen- 
trations of sulphur iodide in the corresponding exposures are practically 
equal. Therefore the decomposition during 11-5 hours at 0° is equal to what 
takes place in 1-7 hours at 30°C. This fact is confirmed by the analytical 
data presented in Table III which indicates a 20% decomposition of the 
iodide in both the cases. Similar conclusions can be drawn from the equal 
intensities of other spectrograms. 


Discussion 


As already pointed out in Part I sulphur iodide in higher concentrations, 
decomposes far more rapidly than in more dilute solutions. This is corro- 
borated by the spectropic studies (Plate VIII). Kinetics of decomposition 
however, indicate a reaction of the first order in dilute solutions. If we 
assume a reaction of the first order, the time required for half decomposition 
must be the same, irrespective of the dilution. This is not borne out by 
the spectroscopic studies (Plate VIII). The higher rate of decomposition in 
concentrated solutions can provisionally be explained as due to the formation 
of polymolecular aggregates. The aggregates decompose more rapidly than 
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the simple molecules since the number of degrees of freedom for sharing the 


activation energy will presumably be larger in the case of the aggregates 
(Moelwyn-Hughes’). 


The rapidity of the decomposition of sulphur iodide in concentrated 
solutions, accounts for the failure of several attempts made by the author 
to prepare the pure iodide. A solution containing 1-2 x 10-*g. atom of 
sulphur as sulphur iodide per g. carbon tetrachloride, was distilled under 
reduced pressure at 0°C. to remove the excess of the solvent. After the 
distillation of one half of the carbon tetrachloride, it was noticed that the 
decomposition of sulphur iodide had already set in. Consequently this 
method had to be rejected as a means of concentrating the iodide solution. 
In the next experiment, attempts at concentration were made by freezing 
out the carbon tetrachloride. Sulphur iodide solution (100g.) was cooled 
gradually with good stirring, till a considerable portion of the solvent crys- 
tallized. The remaining liquid (4-5g.) was poured out and analysed for 
sulphur iodide. It was noticed that this had only 1-6 times the concentra- 
tion of the original solution. When the frozen carbon tetrachloride was 
remelted, it was found that the solvent heid only sulphur and iodine but 
no sulphur iodide. This was evidently due to,the increase in concentration 
of sulphur iodide as freezing proceeded and its consequent decomposition. 
These experiments account for the failure by earlier workers to isolate sulphur 
iodide. Snape* was unsuccessful in obtaining sulphur iodide by the action 
of potassium iodidg on sulphur chloride at 60°-80°C. His attempts to 
prepare this compound by exposing a mixture of ethyl iodide and sulphur 
chloride to bright sunlight, also failed. ‘This was because all the factors— 
high temperature, sunlight and high concentration—rendered the iodide 
highly unstable. MacIvor’s view* that sulphur iodide can be obtained by 
the action of hydrogen sulphide on an aqueous solution of iodine trichloride, 


can hardly be correct since sulphur iodide in carbon tetrachloride solutions 
has been found to react with water. 


Summary 


1. The velocity of decomposition of sulphur iodide in carbon tetra- 
chloride solution has been studied at 0° and at 30°C. At 30°, the velocity 
of decomposition is about four times that at 0° C. 


2. With sulphur iodide solutions, a complete absorption for all wave- 


lengths below 4770 A is noticed. Data on the instability of sulphur iodide 


obtained by analytical methods, are confirmed by the spectroscopic investi- 
gations. 
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Introduction 


THIONYL CHLORIDE was prepared by Persoz and Block! in 1819 and the 
bromide by Michaelis? in 1891. An attempt to prepare thionyl iodide was 
made by Bessen® by trying the action of thionyl chloride on cooled hydrogen 
iodide ; but the reaction mixture yielded only hydrogen chloride, iodine, 
sulphur dioxide and free sulphur. While studying the reactivity of chlorine 
atom in thionyl chloride, Perret and Perrot* shook up a solution of thionyl 
chloride in carbon tetrachloride, with an acidified aqueous solution of 
potassium iodide. They noticed, however, that the reaction yielded only 
iodine, sulphuric acid and small quantities of thionic acids. Thus the pre- 
paration of thionyl iodide either in a state of purity or in the form of solu- 
tion, has not so far been successful. 


It has been shown by the author® that sulphur iodide can be prepared 
by shaking dry solid potassium iodide with a solution of sulphur chloride 
in carbon tetrachloride. It was felt that by a similar reaction, thionyl 
iodide also could be prepared. But when a solution of thionyl chloride in 
carbon tetrachloride was shaken up with solid potassium iodide, it was 
observed that the resulting solution, had a deep violet colour which was 
practically identical with a solution of iodine in carbon tetrachloride. But 
when the shaking was done in absence of light, the solution was not quite 
violet in colour but had an yellowish tinge. It was further noticed that 
when kept in sunlight, the yellow shade completely disappeared giving rise 
to the pure violet. The yellow tinge persisted for a longer time at 0°C. 
than when kept at 30°C. This difference in colour was suspected to be 
due to thionyl iodide and a systematic investigation was undertaken to 
study the nature of the compound formed. 


Experimental 
Reagents used : 


1. Potassium iodide.—Merck’s extra pure potassium iodide was. finely 
powdered and dried over phosphorus pentoxide in a vacuum desiccator. 
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2. Carbon tetrachloride.—Sulphur free carbon tetrachloride was dried 
over phosphorus pentoxide and distilled. 


3. Thionyl chloride.—Merck’s purest sample of thionyl chloride was 
distilled in an all glass apparatus and a weighed quantity of the middle 
fraction added to a known amount of the dry carbon tetrachloride. The 
chloride solution was preserved in a bottle from which the liquid could be 
transferred to the weighing pipette without being contaminated by atmo- 
spheric moisture. 


Analysis of thionyl chloride solution.—The strength of the thionyl 
chloride solution was determined by a quantitative estimation of the products 
of hydrolysis of the chloride in presence of alkali. Schiff® studied the action 
of thionyl chloride on sodium hydroxide and stated that sulphite and 
chloride were the only products of hydrolysis. Preliminary experiments by 
the present author however, showed that small quantities of sulphide were 
also produced. The following method was therefore employed to estimate 
the products of hydrolysis. The stock solution (18 gm.) was diluted with carbon 
tetrachloride (400 gm.) and shaken up with 25c.c. of 2 N sodium hydroxide 
containing cadmium hydroxide suspension. The cadmium hydroxide con- 
verted the sulphide into the insoluble cadmium sulphide thus preventing 
any side reaction between the sulphide and the sulphite. The reaction of the 
alkali with the thionyl chloride could be completed by shaking the mixture 
for 10 minutes, after which the carbon tetrachloride layer was separated and 
washed twice with distilled water and the wash water added to the alakli 
solution. The carbon tetrachloride was then dried over phosphorus pent- 
oxide and the dissolved sulphur was estimated by a slight modification of the 
method developed in this laboratory, by B. S. Rao and M. R. A. Rao.? A 
weighed quantity of carbon tetrachloride solution was distilled over mercury 
till the volume was reduced to about 20c.c. The hot mixture was shaken 
up on a shaking machine for 30 minutes to convert the sulphur to mercuric 
sulphide. ‘The residual carbon tetrachloride was distilled off. It was noticed 
that the distillation of the solvent did not carry away any sulphur with it. 
The mercuric sulphide formed was treated with a concentrated solution of 
hydrogen iodide and the hydrogen sulphide produced estimated iodometrically. 
In some experiments, the mercuric sulphide did not easily react with the 


hydrogen iodide. On warming, however, the reaction went to completion 
without any difficulty. 


The aqueous layer was filtered and the cadmium sulphide was acidified 
with 10 c.c. of 2 N acetic acid and estimated iodometrically. The filtrate was 
made up to 250c.c. and aliquots were used for the estimation of 
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sulphite and thiosulphate by the method of Kurtenacker and Wollak.6 The 
total amount of the sulphur compounds in the filtrate was determined by 
oxidising 10 c.c. of the solution with sodium hypobromite and estimating the ’ 
total sulphate as barium sulphate. Pregl’s micro method was adopted for the 
estimation of barium sulphate. In order to determine the chlorine content, 
10 c.c. of the filtrate were treated with 5c.c. of 4 N nitric acid to oxidise the 
sulphur compounds and the chloride present was precipitated as silver chlo- 
ride. ‘The silver chlcride was estimated by the micro method described by 
Pregl. The results are presented in Table I. 


TABLE I 


Estimation of the products of hydrolysis of SOCI, 





Expt. 1 Expt. 2 Expt. 3 





(1) Wt. of stock solution (gm.) ne os 17-81 17-79 17-82 
(2) CCl, used for dilution (gm.) a i 94-12 421-0 1493-0 


(3) (g. atom of sulphur as CdS per gm. stock solu- 
tion) x 108 i 0-4 0+: 


Vt 
— 
. 
e 
\ 


(4) (g. atom of ne as ws per - stock 
solution) x 10°. 100 -6 101-8 99-0 


(5) (g. atom of sulphur as Na.S,. 20s per gm. stock 
solution) x 108 .. ‘ > “ Nil Nil Nil 


(6) (g. atom of sulphur as total sulphur per gm. 
stock solution) x 106 (BaSO, method) -e| 105-9 105-3 106 -3 


(7) (g-. atom of chlorine as NaCl per gm. stock 
solution) x 10° .. s a ost See-5 212-6 211-9 


(8) (g. atom of dissolved and in CCl, per gm. 
stock solution) x 108 ‘ — Nil Nil Nil 























The following conclusions can be drawn from the analytical data. The 
average value for chlorine content is 212-0 and the average for the total 
sulphur compounds in the alkali solution (BaSO, + CdS) is 106-2. Thus 
within the limits of experimental error, the ratio of sulphur to chlorine in the 
thionyl chloride is as 1:2. This shows that the thionyl chloride is quite 
pure. The sulphite as estimated iodometrically (4th row) is about 5% less 
than the value obtained by the barium sulphate method (6th row). This is 
evidently due to the atmospheric oxidation of sulphite while shaking and 
filtering. Carius® has mentioned that thionyl chloride reacts with water 
producing free sulphur and sulphuric acid. But the present experiment shows 


that no sulphur is produced in the reaction. In order to test this point, the 
A4 F 
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thionyl chloride solution was shaken up with a hot dilute solution of barium 
chloride in water. No detectable quantities of barium sulphate were pro- 
duced. It was further noticed that the carbon tetrachloride did not contain 
any free sulphur. So it can be concluded that when a solution of thionyl 
chloride reacts with water or with alkali neither sulphuric acid nor free sulphur 
is produced. As discussed later, the sodium sulphide is probably obtained as 


a result of the hydrolysis of sulphur chloride which is a likely impurity in 
thionyl chloride. 


Reaction of thionyl chloride with dry potassium tiodide.—A weighed 
quantity of thionyl chloride solution (18 gm.) was introduced into a bottle 
containing a known amount (1,590 gm.) of carbon tetrachloride. Dry potassium 
iodide powder (10 g.) was added to the solution and the contents shaken up 
for 40 minutes. ‘The solution was then kept in bright sunlight for 30 minutes 
when the yellow tinge completely disappeared. A portion of the solution 
(15 gm.) was then transferred to a colorimetric cup and its iodine concentra- 
tion was estimated by comparison with a standard solution of iodine in carbon 
tetrachloride. The remaining portion of the solution was shaken up with 
26 c.c. of 2. N sodium hydroxide containing cadmium hydroxide suspension 
till the carbon tetrachloride turned colourless. The carbon tetrachloride was 
separated and its sulphur content estimated as described already. The 
aquecus layer was filtered and it was noticed that the residue did not have 
any cadmium sulphide. The filtrate was made up to 250c.c. and an aliquot 
used for the estimation of total sulphur compounds by the gravimetric method 
described already. On acidification, the filtrate gave rise to iodine. This 
indicated the absence of sulphite and thiosulphate. The iodine liberated on 
acidification was estimated. The results obtained are given in Table II. 


TABLE II 


Reaction of thionyl chloride with potassium iodide 








| Expt.1)} Expt. 2 
(1) Wt. of SOC], solution (gm.) .. wa ws a 17 -82 17-79 
(2) Wt. of CCl, used for dilution (gm.) es wie --} 1529-0 1377°0 
(3) (g. atom of sulphur in CCl,/gm. stock solution) x 10° 50 -2 49-2 
(4) (g. atom of sulphur in aq./gm. stock solution) x 168 52-8 53 +4 
(5) (g. atom of iodine in aq./gm. stock solution) x 16° as 107 -0 106-8 
(6) (g. atom of iodine in CCl,/gm. stock solution) x 16° 
(Colorimetric method) --| 210-0 208-9 
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Explanation of the results of Table II.—The results given in Table II 
indicate that when thionyl chloride solution is shaken up with potassium 
iodide, the following reaction takes place quantitatively 

2KI +SOCI, >2 KCl + SOI,. 
The thionyl iodide being extremely unstable decomposes according to the 
equation 

2 SOI, ~SO0O, +5 +41. 
Thus, when the iodine in carbon tetrachloride is estimated colorimetrically, 
the value for iodine in experiment 1 (6th row) is 210 while the theoretical 
value is 212-4. The small difference between the observed and the calculated 
values is quite within the limits of experimental error. Since thionyl 
chloride is colourless, the colorimetric method of determination of iodine can 
be employed to find out the percentage of reaction between potassium iodide 
and thionyl chloride. Incidentally it may be mentioned that sulphur dioxide 
and iodine do not react with one another in absence of moisture. 


When the solution is shaken up with alkali however, the sulphur dioxide 
is oxidised by the iodine to sulphuric acid (which forms sodium sulphate with 
the alkali). Half the iodine originally produced is utilised in this reaction : 

S0, + I, + 2H,O ~H,SO, +2 HL. 


Hence the iodine content after the alkali treatment (5th row, Table IT) is half 
the original value (6th row). The average value (53-4) for the sulphate 
(4th row), is also in good agreement with the calculated value (53-1). The 
free sulphur in carbon tetrachloride (5rd row) however is only 5)-2 or less, 
while the calculated value is 53-1. This is beyond the limits of experimental 
error which is about 1%. ‘The following procedure was adopted to 
find out whether any sulphur was adsorbed on the solid potassium iodide. 
The reaction between potassium iodide and thionyl chloride was repeated as 
described above and the carbon tetrachloride separated from the potassium 
iodide. The potassium iodide was washed well with carbon tetrachloride 
till there was no violet colour imparted to the washed liquid. When the 
solid was dissolved in water, it was noticed that a thin suspension of colloidal 
sulphur was produced in the aqueous layer. This was evidently due to 
the sulphur adsorbed on the solid potassium iodide. In order to determine 
the amount of sulphur deposited on the iodide, the colloidal sulphur was: 
shaken up with mercury and the excess of water boiled off. Carbon tetra- 
chloride (10 c.c.) was added to the solid residue and the mixture refluxed over 
a water-bath for 30 minutes and then shaken up for 20 minutes. The mercuric 
sulphide was estimated as outlined already. It was noticed that within the 
limits of experimental error, the amount of sulphur adsorbed on potassium 
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iodide was equal to the difference between the observed and the calculated 
values for free sulphur. 


The adsorption of sulphur by potassium iodide, leads one to suspect 
that the solid may take up other substances also. Preliminary experiments 
carried out indicated that the iodide adsorbed a small quantity of sulphur 
dioxide. A quantitative estimation of the adsorbed sulphur dioxide was 
effected in the following manner. The washed potassium iodide was dissolved 
in 25 c.c. of 0-2 N sodium hydroxide and the sulphur suspension removed by 
filtration and the filtrate was made up to 100c.c. Aliquots of the filtrate 
were used to determine the sulphite both volumetrically and gravimetrically 
(by the BaSO, method, after oxidation). The volumetric method showed 
that 2-2 x 10-* gm. atom of sulphur was present as sulphur dioxide while the 
gravimetric method indicated a value of 3-5 x 10-§. The lower value in 
the former case is due to the atmospheric oxidation of the sulphite. 


Production of thionyl iodide during the reaction between thionyl chloride 
and potassium todide.—It has been pointed out that when a solution of thionyl 
chloride in carbon tetrachloride is shaken up with potassium iodide, a violet 
solution with a distinct yellow tinge is produced. If this yellow tinge is due 
to the presence of thionyl iodide, its reaction with alkali must be similar 
to that of thionyl chloride with alkali. To test this point, a study of 
the hydrolysis of the yellow tinged solution with alkali was undertaken. 


A known amount of the thionyl chloride solution (18 gm.) was mixed with 
a weighed quantity of carbon tetrachloride (1590 gm.) and the solution shaken 
up with dry potassium iodide (10 gm.) in a bottle wrapped in a black cloth. 
After shaking the mixture for 40 minutes, the bottle was taken to a dark 
room and a weighed sample of the solution was withdrawn from the bottle 
to test for the completion of the reaction between thionyl chloride and potass- 
ium iodide. The colorimetric estimation of iodine in this sample (after the 
disappearance of the yellow tinge) showed decisively that the thionyl chloride 
had reacted completely with the solid potassium iodide. 

Immediately after the removal of the sample, 25 c.c. of 2.N sodium 
hydroxide containing cadmium hydroxide suspension, was added to the main 
portion of the solution and the mixture shaken up for 10 mintues to complete 
the reaction between the solution and the alkali. ‘The carbon tetrachloride 
was separated and washed and the sulphur dissolved in it estimated as 
described already. The aqueous layer was analysed for sulphide, sulphite, 
thiosulphate, and total sulphur compounds as outlined under the analysis of 
thionyl chloride. Since the aqueous solution had the sulphate along with 
other sulphur compounds, the sulphate alone was determined separately 
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by the method suggested by Kurtenacker and Goldbach.!® It was noticed 
that within the limits of experimental error, the sulphate obtained by this 
method was equal to the difference between the total sulphate (by the oxida- 
tion method) and the sum of thiosulphate and sulphite (determined iodometri- 
cally). Hence it was concluded that the products of hydrolysis in the alkali 
solution were sulphide, sulphite, thiosulphate and sulphate. The free sulphur 
adsorbed on the potassium iodide, remained along with the cadmium sulphide 
when the aqueous solution was filtered and did not introduce any complications 
in the analytical work. Since a portion of the sulphur remained in the 
aqueous layer, the amount of free sulphur aaeesega in the reaction was 
indirectly calculated by subtracting from 106-2 (the total sulphur content) 
the sum of the values in the rows 3 and 7 of Table III. The results are given 
in Table III. 
TABLE III 


Hydrolysis of thionyl iodide in presence of 2N alkali. 


Ll gm. stock solution had 106-2 x 10-* gm. atom of sulphur as 
est chloride 





| 
| Expt. 1 | Expt. 2 Expt. 3 





(1) Wt. of SOC], solution (gm.) ate ots 17-78 17-81 17-82 
(2) Wt. of CCl, used for dilution (gm.) .. .-| 1538-0 1508-0 1489-0 


(8) (gm. atom of sulphur as re per gm. stock 
solution) x 108... ‘ ee ae: 0:3 0-4 0-45 





(4) (gm. atom of sulphur as sulphite per gm. stock 





solution) x 10§ 0-7 0-8 1-2 
(5) (gm. atom of sulphur as thiosulphate per gm. 

stock solution) x 168 ae aa es 9-4 10-2 9-9 
(5) (gm. atom of s sulphur as free S in CC ” per - 

stock solution) x 1068 : 25 +4 25 +2 25°3 
(7) (gm. atom of sulphur as total S compounds ps et 

gm. stock solution) x 108 (B:z uSO, method) i 78 +5 78-9 79-1 
(8) (Calculated value for the free sulphur = o. 

stock solution) X 168 (106-2—-rows 3 27 +4 26-9 26 -6 








‘| 


Interpretation of the results of Table III.—\t has already been shown 
(by the colorimetric estimation of iodine) that the solution got by shaking the 
thionyl chloride with potassium iodide, does not contain any unreacted 
thionyl chloride. The solution contains only thionyl iodide and its decom- 
position products as given by the equation 


2SOI, +S + SO. + 2p. (A) 
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On shaking with alkali, the sulphur remains unaffected, the sulphur dioxide 
forms sulphite and the iodine forms iodide and hypoiodite. The thionyl 
iodide itself partly undergoes hydrolysis as represented by the equation 
SOI, + H,O >2 HI + SO, (B) 
the hydrogen iodide and the sulphur dioxide forming their sodium salts. 
A portion of the thionyl iodide however, appears to decompose according to 
the equation 
2 SOI, ~$,0, + 21, (C) 
momentarily giving rise to thiosulphuric anhydride (disulphur dioxide). ‘The 
anhydride reacts with alkali forming sodium thiosulphate. The iodine 
produces sodium iodide and sodium hypoiodite on reacting with alkali. The 
hypoiodite formed in reactions A and C is completely reduced by the sul- 
phite obtained in the reactions A and B. ‘Thus the production of sulphite, 
sulphate and thiosulphate is completely explained by the above mechanism. 
It has to be pointed out that (in the absence of alkali) reaction C is probably 
the first step in the decomposition of thionyl iodide. The disulphur dioxide 
(thus produced), being unstable, decomposes into sulphur and sulphur dioxide 
giving for thionyl iodide, the decomposition products indicated in equation A. 
It has been found, that a small quantity of sulphide is also produced 
during the reaction of thionyl chloride with alkali. The sulphide is probably 
due to the hydrolysis of sulphur chloride present in traces as an impurity in 
thionyl chloride. B.S. Rao! has shown that sulphide is one of the principal 
products in the hydrolysis of sulphur chloride by 2 N alkali as: 
S.Cl,+ 2H,O > H,S + SO, + 2 HCl. 
It may be pointed out that on a commercial scale, thionyl chloride is generally 
obtained by the reaction between sulphur chloride and sulphui trioxide. On 
treatment of thionyl! chloride with potassium iodide, the sulphur chloride 
present as impurity, forms sulphur iodide® whose reaction with alkali is 
analogous to that of sulphur chloride as: 
S.I, + 2H,O +H,S + SO, + 2 HI. (D) 
The hydrogen sulphide, the sulphur dioxide and the hydrogen iodide combine 
with the alkali to form the sodium salts. 


The extent to which the reactions A, B, C and D take place can be 
calculated in the following manner. Free sulphur is produced only in the 
reaction A. Therefore twice the amount of the free sulphur corresponds to 
the extent to which the reaction A takes place. Hence the iodine, the sulphur 
dioxide and the free sulphur produced in A can be calculated. Similarly 
since the thiosulphate is produced only in C, the extent to which reaction C 
takes place can also be calculated. Sulphide is formed only in D and twice 
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this amount corresponds to the sulphur taking part in this reaction. The 
extent to which the reaction B takes place, can be calculated by two methods. 
In the first method, the value is calculated (in gm. atoms of sulphur) by sub- 
tracting from the total sulphur compounds (Table ITI, 7th row) in the aqueous 
layer, the quantity (¢ + rs a ‘) where a, ¢ and d represent the number of gm. 
atoms of sulphur taking part in each of the reactions A, C and D respectively. 
This value is referred to as B,,in Table IV. In the second method the extent 
of reaction B can be calculated by subtracting from the total sulphur (t.e., 
106-2, Table I, 6th row), the quantity (a +c+d). ‘This has been referred 
toas B, in Table IV. The extent of each of the reactions A, B, C and D, has 
been expressed in Table IV, as percentages of gm. atoms of sulphur taking 
part in each reaction. 
TABLE IV 
Reactions A, B, C and D during the hydrolysis of thionyl iodide 
in presence of 2.N alkali 








Reactions | % (A) % (C) | % (D) % (B;) | % (Bo) 
Experiment | | 51-2 8-9 0-6 39-1 | 39 °3 
Experiment 2 os -| 51-4 8-6 0-8 39-7 | 39-2 
Experiment 3 , 7 51-0 9-3 0-8 39-3 38 +9 











The agreement between the two values B, and B, is quite good. 


The experimental results of Table IIT can also be examined from another 
point of view. If A, B, Cand D are the only reactions that take place when 
the solution reacts with alkali, it is obvious that the sulphate produced in the 
experiment must correspond to the sulphite that is oxidised by the iodine 
formed during the reaction. ‘The total sulphite formed is equal to (S +5 +5). 
The observed value for the sulphite oxidised = (total sulphite formed — 
unoxidised sulphite) = : +b + : - unoxidised sulphite (Table III, 4th row). 


This value for the sulphite is represented as the observed value for the sulphite 
oxidised. Similarly the gm. atoms of iodine liberated must be equal to 
2a + 2c. The calculated value for the oxidised sulphite is (a +c), 1.¢., half 
the iodine, since two atcms of iodine oxidise one molecule of sulphur 
dioxide. This is given as the ‘ Calculated value’ for the oxidised sulphite. 
The following table represents the ‘Calculated’ and ‘Observed’ values for the 
oxidation of sulphite : 
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TABLE V 





% of sulphite oxidised 





| 





Calculated | Obseived 
Experiment 1 oe 60-1 64-3 
Experiment 2 me 60-0 65-0 
Experiment 3 -| 60-3 64-0 





It is noticed that the calculated values for the oxidation of sulphite are lower 
than the observed values. This is due to the atmospheric oxidation of the 
sulphite. Similar oxidation of the sulphite is also observed in the analysis 
of thionyl :hloride (Table I, 4th and 6th rows), where about 5-6% of the 
sulphite formed is oxidised by air during shaking and filtration. 


Reaction between iodine and a mixture of sulphite and thiosulphate in 
alkaline solutions.—It has been assumed hirtheito, that the sulphate formed 
during the hydrolysis of thionyl iodide in presence of alkali, is entirely due to 
oxidation of the sulphite produced in the reaction. Askley,” Kolthoff® and 
others! Fowever have shown that iodine in alkaline solutions, oxidises thio- 
sulphate to sulpbate. It was therefore deemed advisable to ascertain the 
action of iodine on an alkaline nuxture of sulphite and thiosulphate. 
The following method of investigation was adopted. Sodium thiosulphate 
solution (5c.c. of N/100) was mixed with sodium sulphite (5c.c. of N/100) 
and the mixture was made alkaline with 25c.c. of 2.N sodium hydroxide. 
The alkaline mixture was shaken up with 400 gm. of a dilute solution of iodine 
in carbon tetrachloride containing iodine enough to oxidise the sulphite 
solution. After the reaction, the aqueous solution was separated and analysed 
for sulphite and thiosulphate. It was noticed that about 94% of the iodine 
oxidised the sulphite to sulphate while the remaining 6% reacted with the 
thiosulphate. Even when the iodine content of the carbon tetrachloride had 
1-5 times the previous concentration, only 98% of the sulphite present was 
oxidised. No detectable quantities of tetrathionate were produced. Hence 
it is to be concluded thet when a mixture of sulphite and thiosulphate in 
alkaline solutions, is treated with iodine in carbon tetrachloride, only a 
small portion of the thicsulphate is oxidised to sulphate. 


It is of interest to study the hydrolysis of thionyl iodide using water 
instead of aqueous sodium hydroxide. . Hydrolysis of the iodide when (along 
with water) cadmium carbonate is used as a neutralising agent, is also of 
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interest. If thiosulphuric acid is produced during the hydroiysis when water 
js used, the acid will not be oxidised to sulphate by the iodine but is converted 
into tetrathionate. So in the case of water, the tetrathionate content of the 
solution will indicate the total amount of reaction C. The following experi- 
ments were therefore tried. 


Reaction of thionyl iodide solution in presence of water and water, holding 
cadmium carbonate in suspension.—Thionyl iodide solution prepared by the 
method described above was transferred to four bottles (weighed with their 
contents) containing the following reagents: Bottle (1) had 25c.c. of 2N 
sodium hydroxide with cadmium hydroxide suspension. Bottle (2) had 
95 c.c. of distilled water and bottle (3) had 25 c.c. of distilled water contain- 
ing cadmium carbonate suspension. Bottle (4) had been carefully dried and 
contained no reagents. Bottle (1) was shaken up immediately after the 
introduction of the thionyl iodide solution, till there was no violet colour in 
carbon tetrachloride. The products of hydrolysis were then determined by 
the method outlined already. The results of this experiment indicated the 
amount of thionyl iodide present in the solution and also the extent to which 


the reactions A, B, C and D took place when the iodide was shaken up with 
2N alkali. 


After the introduction of the solution, the bottles (2) and (3) were 
wrapped with a dark cloth and kept on a shaking machine. The mixture had 
to be shaken up for several hours before all the thionyl iodide decomposed. 
After the reaction was complete, the bottles were weighed and the carbon 
tetrachloride layer separated. The carbon tetrachloride had the dissolved 
iodine and sulphur. To find the iodine content, a known weight of the solu- 
tion was shaken up with 20 c.c. of 0-2 N alkali till there was no iodine in the 
carbon tetrachloride. The sodium hydroxide layer was seperated and 
acidified with 15c.c. of 2.N sulphuric acid and the iodine liberated was esti- 
mated. It had previously been experimentally found that when an iodine 
solution decolourised by 0-2 N alkali is acidified, the original iodine content 
is liberated. The carbon tetrachloride layer (after shaking with alkali) was 
used to determine the dissolved sulphur. 


After the separation of the carbon tetrachloride layer, the aqueous solu- 
tion was filtered to remove the cadmium carbonate and the filtrate was 
analysed for free iodine, sulphate and tetrathionate. The cadmium carbonate 
was found to be free from sulphide. The tetrathionate was estimated by the 
potassium cyanide method suggested by Kurtenacker and Goldbach.!® ‘The 
filtrate (50 c.c.) was mixed with potassium iodide (2 gm.) and the excess of 
iodine removed by titration with sodium thiosulphate. Pure potassium 
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cyanide (1 gm.) was added to the resulting solution and kept for 5 minutes. 
It was then acidified with 20 c.c. of 2 N sulphuric acid and the thiosulphate 
developed was estimated. The addition of potassium icdide was essential, 
otherwise the results obtained were found to be abnormal—sometimes 3-4 
times the expected value. But in presence of potassium iodide normal 
values were obtained for the tetrathionate. Potassium cyanide and 
tetrathionate react with one another according to the equation: 

Na.S,0, + 3 KCN + H,O > K,SO, + KCNS + 2 HCN + Na,S,03. 
It was noticed that no tetrathionate was produced in the contents of the 
bottle having aqueous cadmium carbonate while only traces of the thionate 
were detected in the bottle in which the thionyl iodide solution was shaken 
up with mere water. The analytical results were used to calculate the 
extent of the reactions A, B, etc., in the two cases. 

Bottle (4) was weighed after the introduction of the thionyl iodide solution 
and kept in sunlight for the decomposition of the iodide. The free iodine 
developed was estimated colorimetrically in a portion of the solution and it 


TABLE VI 


Hydrolysis of thionyl iodide in presence of water containing 
aifferent substances 




















than 0:8% 


| Bottle (4) 
Bottle (1) 3ottle (2) eee shaken up 
shaken up shaken up Bottle (3) shaken with water 
with 2 N with aq up with mere after com- 
gay Anh. water : 
alkali CaCO, plete decom- 
| position 
Experiment I 
% of reaction A .. 18-2 94-9 | 97-7 100-0 
} | 
. B..| 43-0 51 | 1-9 Nil 
pa P 3. 7:9 Nil | Only traces less Nil 
| than 0-4% 
| 
‘i ... 0-9 Nil Nil Nil 
Experiment II 
| | 
% of reaction A .. 10-1 | 94 -2 97 -2 100 
| 
| 5:8 | 2-0 Nil 
| Nil | Only traces less Nil 
| 





| Nil | Nil Nil 
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was noticed that there was no unreacted thionyl chloride. The remaining 
portion of the solution was shaken up with 25c.c. of water. The carbon 
tetrachloride layer was used for the estimation of iodine and sulphur, while 
the aqueous solution was used to determine the iodine and the sulphuric 
acid present. Necessary corrections were applied for the sulphur and sulphur 
dioxide adsorbed on the solid potassium iodide (used in the preparation of 
thionyl iodide) which was analysed as described already. From the analy- 
tical data the percentages of the reactions A, B, C and D were calculated. 
The results are given in ‘fable VI. 

Since very little tetrathionate is formed when thionyl iodide is shaken 
up with water or with water containing cadmium carbonate, it can be 
concluded that the thiosulphuric anhydride is not actually present along with 
the thionyl iodide solution. Hence the anhydride has only a momentary 
existence. It is interesting to note that when thionyl iodide is shaken up 
with water, most of the iodide merely decomposes (reaction A) instead of 
hydrolysing (reaction B). ‘Thus in experiment 1, although the solution 
has 51-8% of thionyl iodide only 1-9% hydrolyses in presence of water. 
When cadmium carbonate is present, owing to the lower acidity of the solu- 
tion, a higher proportion of thionyl iodide (5-1%) hydrolyses. 

Production of thiosulphate during the hydrolysis of thionyl bromide.— 
It has been shown that no thiosulphate is produced when thionyl chloride 
reacts with alkali but thiosulphate is obtained in quantity when thionyl 
iodide is treated with alkali. Presumably thionyl bromide is intermediate 
between the chloride and the iodide in its properties. It was therefore felt 
desirable to study the reaction of thionyl bromide with alkali. The following 
procedure was adopted in the investigation. ‘To prepare the thionyl bromide, 
the methods described by Hartog and Sims! and by Mayes and Partington!* 
were used with slight modifications. A solution of thionyl chloride in carbon 
tetrachloride was shaken at 60°C. with dry sodium bromide for a period of 
two hours when a deep yellow solution of thionyl bromide was obtained. 
Another sample of thionyl bromide was prepared by adding thionyl chloride 
to a solution of dry hydrogen bromide in carbon tetrachloride the temperature 
being maintained at 60° C. for a period of three hours. Both these samples 
were subjected to hydrolysis with 2 N sodium hydroxide at the laboratory 
temperature. It was noticed that about 2-3°, of the thionyl bromide was 
converted into thiosulphate in both the samples. This shows conclusively 
that there is a regular gradation in the extent to which the reaction C takes 
place during the hydrolysis of the three thionyl halides. 


Hydrolysis of thionyl iodide with alkali of different concentrations.— 
The experimental results presented in Table VI show that for the same sample 
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of thionyl iodide solution, the decomposition (reaction A) is minimum when 
sodium hydroxide is used and maximum in the case of water. This indicates 
that at higher concentrations of the alkali, the decomposition might even be 
smaller. Hence the hydrolysis of the thionyl iodide solution in presence of 
alkali of different concentrations was tried. The thionyl iodide solution 
was introduced into four weighed bottles containing the alkali and a suspen- 
sion of cadmium hydroxide. Bottle (1) had 25c.c. of 5 N alkali, bottle (2) 
25 c.c. of 2 N alkali, bottle (3) 25c.c. of 0-7 N alkali and bottle (4) 50 c.c. of 
0-2 .N alkali. After the iodide was introduced, each of the bottles was shaken 
up to complete the reaction of the iodide with alkali and then weighed. The 
products of hydrolysis were determined. From the analytical data the 
percentages of each of the reactions A, B,C and D were calculated. The 
results are given in Table VII and indicate that at higher concentrations of 
the alkali, the decomposition of the thionyl iodide is less. 


TABLE VII 


Effect of concentration of the alkali on the hydrolysis of 
thionyl todide 











Strength of the alkali sn | 25n | own | 0-2N 

| | 
% of reaction A < aN “is 48-8 51-4 57-8 65-2 
iar sr | 40-5 | 39-1 | 34-7 29-4 
a Z be 9-8 | 8-7 | 6-9 4-9 
ae io ia 0-9 | 0-8 | 0-6 0-5 

| 








Attempts to prepare solutions of pure thionyl todide.—To get an undecom- 
posed sample of thionyl iodide, it would be necessary to adjust the experi- 
mental conditions so that the formation of the iodide takes place so quickly 
that during the period of reaction, the decomposition is negligible. It was 
found that the increase in the amount of potassium iodide and rise in the 
temperature of the reaction mixture would favour the rate of formation of 
thionyl iodide. Thus when the potassium iodide was ten times the normal 
quantity, the conversion of thionyl chloride into the iodide was brought 
about within six minutes of shaking. But even in this short interval about 
32% of the thionyl iodide formed had decomposed. The adsorption of sulphur 
by ‘he solid potassium iodide indicates that the potassium iodide surface 
catalyses the decomposition. Hence the use of very large quantities of 
potassium iodide is of no advantage. When the effect of temperature on the 
reaction was tried, it was noticed that at 50°C. the formation of the iodide 
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was complete within 15 minutes. But during this interval, 56% of the 
thionyl iodide formed decomposed. Since the rate of decomposition of 
thionyl iodide is considerably diminished at lower temperatures, the mixture 
of potassium iodide and thionyl chloride was shaken up at 0°C. After shaking 
for two hours, only 80% of the thionyl chloride reacted to form thiony] iodide, 
50% of which had already decomposed. It has not therefore been possible 
so far to prepare a solution containing undecomposed thionyl iodide. 
Conclusion 

The experimental results presented in this paper show beyond doubt, 
that thionyl iodide though highly unstable, can be prepared by the method 
described. Two important factors should be borne in mind while attempting 
to prepare such unstable compounds. First and foremost, it is necessary to 
adjust the experimental conditions, such that the substance gets produced in 
the form of dilute solution, since the compound decomposes with great 
rapidity both in the~ pure state and in concentrated solutions. In fact, 
treatment of pure thionyl chloride with potassium iodide, yields but little 
thionyl iodide and results only in the formation of sulphur, sulphur 
dioxide and iodine. Similarly very little sulphur iodide!” is produced 
when sulphur chloride is treated with potassium iodide. Secondly, 
it is also necessary to bear in mind the decomposing effect that light 
may have. In fact both sulphur iodide’ and thionyl iodide (especially 
the latter) are easily decomposed by light. It is the neglect of these 
two factors, that is responsible for the failure of earlier workers in 
preparing these compounds. ‘The method worked out by the author for 
the preparation of sulphur iodide® and thionyl iodide appears to be general 
in scope and applicable to the preparation of many new compounds. 

Summary 

(1) In chemical literature, thionyl iodide has been stated to have no 
existence. It has been shown in this paper that thionyl iodide can be pte- 
pared in carbon tetrachloride solutions by shaking a dilute solution of 
thionyl chloride (in carbon tetrachloride) with solid potassium iodide. 

(2) The thionyl iodide is extremely unstable in presence of light and 
decomposes giving sulphur, sulphur dioxide and iodine. When kept in the 
dark, the iodide is more stable. 

(3) The action of aqueous sodium hydroxide on thionyl iodide solutions 
has been investigated. When thionyl iodide reacts with alkali, apart from 
the decomposition of the halide, the principal reaction is the hydrolysis of 
the iodide represented by the equation : 


SOI, + H,O + SO, +2 HI (1) 
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A portion of the iodide however, is converted into thiosulphate in terms of 
the equation. 

2 SOI, + H,O > H,8.0; + 2 1.. (2) 
In presence of alkali, these products of reaction form the corresponding 
sodium salts. A quantitative interpretation of the reaction with alkali is 
also given. The extent to which the hydrolysis takes place, is a function of 
the concentration of the alkali, the hydrolysis increasing with the strength 
of the alkali. 

(4) Unlike thionyl chloride, the 1odide decomposes into sulphur, sulphur 
dioxide and iodine, when it is shaken up with water, there being very little 
hydrolysis. 

(5) When thionyl halides are hydrolysed by alkali, the formation of thio- 
sulphate is greatest with the iodide and considerably less in the case of the 
bromide. No thiosulphate at all is producsd during the hydrolysis of the 
chloride. 

(6) The method described for the preparation of thionyl iodide in this 
paper, appears to be general in its scope and can be applied for the prepara- 
tion of highly unstable compounds. 
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Introduction 


It has been shown in the previous paper (Part I) that a solution of thionyl 
iodide could be prepared by shaking a mixture of thionyl chloride solution 
(in carbon tetrachloride) with solid potassium iodide. The stability of thionyl 
iodide at different temperatures is of interest since it gives us the optimum 
conditions for the preparation of the compound. A study of the rate of 
decomposition at different temperatures was therefore undertaken. 


Experimental 


Time of reaction between thionyl chloride and potassium iodide at dtf- 
ferent temperatures.—-It has been stated in Part I that the surface of potassium 
iodide catalyses the decomposition of thionyl iodide. In order to get a 
maximum yield of the iodide, the mixture of potassium iodide and thionyl 
chloride should be shaken for an interval just sufficient to complete the 
reaction of the chloride with potassium iodide. A study of the time required 
for complete reaction was therefore undertaken. 


The reagents used were prepared in the manner described in Part I. 
The thionyl chloride had 106-2 x 10~-® mole of the chloride per gm. of the 
solution. The time for complete reaction between potassium iodide and 
thionyl chloride was determined in the following way at 0°C. ‘The stock 
solution of thionyl chloride (18 gm.) was diluted with carbon tetrachloride 
(1500 gm.) and shaken with potassium iodide at 0° C. in the dark. At intervals, 
samples of the reaction mixture were transferred to dry bottles. The thionyl 
iodide present in these samples was allowed to decompose completely by 
exposing them to sunlight. The iodine liberated was then estimated 
colorimetrically as outlined in Part I. The experimental data were used to 
calculate the percentage reaction of thionyl chloride for different intervals of 
shaking. In order to determine the effect of temperature on the rate of 


reaction, the above experiment was repeated at 30° and 50°C. and the results 
are presented in the following table: 


201 














bd 
© 
bo 


M. R. Aswathanarayana Rao 


TABLE I 


Effect of temperature on the rate of reaction between thionyl 
chloride and potassium iodide 














| 


Time of shaking in minutes eo el | 6 | 10 | 20 | 10 | 60 120 
———— — EE \ - ee 
% SOCI. reacted at 50° C. | 47 68 | 81 | 100 | 100 | | 
at 30° C. Pe ae 10 52 75 100 | 100 
oi at 0° C, eed a a GAT oe 27 | 41 75 


| 





The results indicate that the reaction between thionyl! chloride and potassium 
iodide is extremely slow at lower temperatures. Further experiments 
showed that the reaction between the two substances was complete within 
15 minutes at 50° and within 35 minutes at 30°C. 


Percentage of undecomposed thionyl iodide in the samples obtained at 
different temperatures.—Samples of thionyl iodide were prepared at 30° and 
50° C. by shaking the mixture of thionyl chloride and potassium iodide for the 
minimum interval required to complete the reaction. The samples were then 
subjected to hydrolysis with 2 N alkali. The results were employed to calcu- 
late the extent of decomposition of thionyl iodide as described in Part I. It 
was noticed that the decomposition of the iodide at 30° amounted to only 
46%, while that at 50° was as high as 56%. A sample of thionyl iodide 
prepared by shaking the reaction mixture at 0°C. for a period of 120 minutes, 
was hydrolysed in presence of alkali. ‘The results indicated that 50% of the 
iodide formed had decomposed. Thus it can be concluded that a temperature 
of 30°C. is best suited for the preparation of thionyl] iodide. 


Rate of decomposition of thionyl iodide at different temperatures.—Thiony] 
iodide solutions used to study the rate of decomposition at 30° and 0° C. were 
prepared by shaking dilute solutions of thionyl chloride (18 gm. of the stock 
thionyl chloride solution diluted with 1660 gm. of carbon tetrachloride) with 
potassium iodide for the minimum period as described already. The extent 
of decomposition of the iodide could be determined by finding out the amount 
of free sulphur formed during the decomposition (equation A, Part 1). 
The free sulphur was determined in two ways: In the first method, the 
thionyl iodide solution was treated with 2 N alkali and the carbon tetra- 
chloride layer was analysed for the dissolved sulphur. In the second method 
the free sulphur was got indirectly by estimating the total sulphur compounds 
in the alkali layer (BaSO, method, Part I), and subtracting this value from the 
total sulphur started with. It may be pointed out, however, that during 
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the preparation of the thionyl iodide solution, part of the iodide had 
decomposed. A pcertion of the sulphur dioxide and sulphur thus formed, 
is found to be adsorbed on potassium iodide. This should be taken into 
account in the calculations. To estimate the amount of adsorbed free 
sulphur and sulphur dioxide, the potassium iodide used for the preparation 
of thionyl iodide, was washed with carbon tetrachloride and dissolved in 
100 c.c. of water. Aliquots were used for the determination of free sulphur 
and sulphur dioxide as described in Part I. 


The following procedure was adopted to study the rate of decomposition 
of thionyl iodide at 0°C. Approximately equal quantities of the iodide 
solution were transferred in the dark, to dry bottles and the weight of these 
solutions quickly determined. The bottles were then kept in an ice-bath in 
the dark room. ‘The extent of decomposition of the thionyl iodide at different 
intervals was determined by shaking the iodide samples with 2 N alkali and 
analysing the products of hydrolysis as described already. In some of the 
samples, it was noticed that a small quantity of free sulphur got deposited on 
the glass walls, which did not go into solution with carbon tetrachloride. In 
such cases, the value for free sulphur could be calculated by the second 
method outlined above. As pointed in Part I, twice the value of free 
sulphur represented the amount of thionyl iodide decomposed. A similar 
procedure was adopted to determine the rate of decomposition at 30°C. 
An air thermostat was used to maintain the temperature constant. The 
following results were obtained : 


TABLE II (a) 
Rate of decomposition of thionyl iodide at 30°C. 



































ae | | 
Time in hours ee 0 2 7 | 24 | 50 
| 
| 
% Decomposition. . a 44-7 61-2 77-5 91-8 95-3 
TABLE II (0) 
Rate of decomposition of thionyl iodide at 0°C. 
| 
Time in hours | 0 | 13 | 37 64 | 96 
; | | 
% Decomposition . . : | 44-1 | 652-7 | 65-0 717 +2 87-0 





The results indicate that the rate of decomposition is very much less at 0° 
than at 30°C. 


Ad F 











204 M. R. Aswathanarayana Rao 


Spectroscopic studies on thionyl iodide.—Thiony1 iodide in carbon tetra- 
chloride solutions, gives a characteristic absorption spectrum. The decom- 
position of thionyl iodide can therefore be conveniently studied spectro- 
scopically. ‘The Hilger Constant-deviation Spectrograph was used in the 
investigations. Light from a pointolite lamp was rendered parallel and 
passed through the iodide solution in a quartz Baly tube. The intensity of 
illumination was kept uniform by passing a constant current through the lamp. 
The thionyl iodide solution used was prepared by shaking a mixture of 10 gm. 
of potassium iodide with 300 gm. of carbon tetrachloride containing 8 gm. of the 
stock solution of thionyl chloride. ‘The Baly tube was filled with the solution 
to a depth of 8 cm. and the absorption spectrum (spectrogram 1, Plate X) was 
immediately taken. ‘The period of exposure in each case was 20 seconds. 
The Baly tube was then kept illuminated (by means of a 50 c.p. electric lamp) 
when there was a rapid decomposition of the iodide. Spectrograms 2 and 3 
were taken after the solution had been exposed to light for a period of 5 and 
10 minutes respectively. At the end of 10 minutes, it was noticed that the 
solution did not have any yellow tinge. ‘This indicated that the thionyl 
iodide had completely decomposed. Spectrogram 4 was taken with a solution 
of iodine, sulphur and sulphur dioxide (in carbon tetrachloride) having the 
same concentration as the decomposed thionyl iodide. A sample of the 
thionyl iodide solution preserved in the dark, was used in the spectrograms 
5 and 6 at the end of 8 and 24 hours respectively. The following conclusions 
can be drawn by a study of Plate X. When the concentration of thionyl 
iodide is at its highest value (spectrogram 1), there is complete absorption of 
light for all wave-lengths below 5930 A. But as the decomposition proceeds 
(spectrogram 2), transmission of light occurs in the violet region of the 
spectrum. ‘The transmission increases as the decomposition proceeds as shown 
by a comparison of the spectrograms 2 and 3. Thus under similar conditions, 
the intensity of the spectrum in the violet region gives one, an idea of the 
thionyl iodide concentration. When the decomposition of the iodide is com- 
plete (spectrogram 3), the absorption band extends from 5930 A to 4400 A. 
Spectrograms 3 and 4 are practically identical in intensity. This shows that 
complete decomposition of the iodide takes place when tke-solution is allowed 
to remain in light for a pericd of 10 minutes. In the two spectrograms 5 and 
6, the intensity of transmission in the violet region is less than that of the 
spectrogram 3. ‘This shows conclusively that even after keeping for 24 hours 
in the dark, the thionyl iodide has not completely decomposed while in 
presence of light a period of 10 minutes is sufficient to bring about the complete 
decomposition. 
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Effect of temperature on the rate of decomposition studied spectroscopically.— 
In studying the effect of temperature, the thionyl iodide solution prepared at 
30°C. was divided into two portions. One of these was kept in the dark in 
an air thermostat at 30°C. while the other portion was kept at 0°C. in the dark 
room. The spectrograms are given in Plate XI. Spectrograms, 1, 2 and 3 
were taken with the thionyl iodide solution kept at 30°C. at the intervals 
0, 4 and 8 hours respectively, filling the Baly tube to a depth of 4 cm. in 
each case. Similarly, the spectrograms 4, 5 and 6 were taken with the solu- 
tion at the intervals 0, 12 and 24 hours respectively. A comparison of the 
intensities of the spectrograms indicates that there is far less of decomposition 
at O°C. than at 30°C. This is quite in conformity with the analytical data 
presented in Table IT. 

Summary 

(1) The rate of decomposition of thionyl iodide in carbon tetrachloride 

solutions has been studied at 30° and 0°C. 


(2) In presence of light, the iodide decomposes far more rapidly than in 
the dark. The dark reaction is found to have a high temperature coefficient. 
(3) The absorption spectrum of thionyl iodide in ‘carbon tetrachloride 
solutions has been studied. With the iodide solution, a complete absorption 
for all wave-lengths below 5930 A is noticed. ‘The spectroscopic investigations 
on the instability of the iodide are in conformity with the analytical data. 
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For the building up of a fresh furan ring fused to the benzene nucleus of a 
coumarin structure two methods have been adopted successfully by Spaeth 
and Pailer!.* with particular reference to the synthesis of angelicin. First 
the sodium derivative of umbelliferone was heated with bromo-acetal in a 
sealed tube. A very poor yield of angelicin was obtained along with the 
ethyl ether of umbelliferone. Condensation of bromo- or iodo-acetic ester 
w.th the sodium compound of umbelliferone-8-aldehyde offered a better 
method though here also, the yields were very poor. ‘Lhe second method was 
employed earlier by Limaye ¢ al using hydroxy ketone to produce better 
yields of a methyl derivative of angelicin. An application of this procedure 
to 7-hydroxy-3-methoxy flavone in an attempt to prepare Karanjin was 
described in Part I.‘ Besides poor yields other difficulties also came in, parti- 
cularly with reference to the flavone compounds. Hence possibilities of other 
methods of introducing the furan nucleus for the synthesis of coumarino- 
furans and chromono-furans had to be examined. 
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In this communication are described experiments relatirg to an alter- 
native method of preparing such compounds, which has not been till now 
explored. It consists in introducing a chloro-acetyl group in a hydroxy- 
benzo-pyrone, closing up the furanone ring and subsequently converting it 
intoafuran. ‘The scheme can be represented as below with particular refer- 
ence to 7-hydroxyflavone. 


CH,Cl 


~YYO 
| we 
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The simplest procedure would be to obtain (II) by the action of CICH,CN 
on (I) under the conditions of Hoesch’s reaction. This, however, could not 
be achieved. 7-Hydroxy-flavones and 7-hydroxy-coumarins did not undergo 
condensations with aceto-nitrile or chloracetonitrile under various condi- 
tions that were employed. This may be attributed to the fact that the 
eighth position is not so easily accessible except under more drastic condi- 
tions. For example for the preparation of 7-hydroxy-coumarin-8-aldehyde 
the use of hexamine and acetic acid and higher temperatures are necessary. 
An alternative course was therefore attempted and found to be quite success- 
ful. The chloracetates were obtained in satisfactory yields by the action of 
excess of chloroacetyl chloride on the hydroxy compounds and these underwent 
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the Fries migration smoothly when heated with anhydrous aluminium chloride. 
It was, however, noticed that the resulting products were free from halogen, 
obviously due to simultaneous ring closure (V to III). The intermediate 
stage (II) could not be isolated. Further when'methoxy groups were present 
as in the case of 7-hydroxy-3-methoxy-flavone, demethylation also took 
place. ‘The formation of the furanones was further confirmed by the prepa- 
ration of their benzylidine derivatives by the action of benzaldehyde and 
acetyl derivatives by the action of acetic anhydride and acetyl chloride. 
Furanones and their derivatives from the following have been prepared and 
character:sed. 


4-Methyl-7-hydroxy coumarin. 
7-Hydroxy coumarin (umbelliferone). 
3-Methoxy-7-hydroxy-flavone. 
7-Hydroxy flavone. 


Experimental 


7-Chloracetoxy-4-methyl-coumarin.—A mixture of 4-methyl-7-hydroxy 
coumarin (] g.) and chloracetyl chloride (10 to 12 c.c.) was refluxed at 
120° in an ol-bath. The contents rapidly assumed a cherry red colour and 
hydrogen chloride was evolved briskly. After heating for about 2 hours, 
most of the excess of the chloracetyl chloride was recovered by distillation, 
and the remaining quantity was decomposed by pouring the residual mixture 
into ice-cold water with stirring. The precipitated solid was filtered, washed 
with water and recrystallised from alcohol, when 7-chloracetoxy-4-methyl 
coumarin was obtained as colourless fibrous needles (yield 85%) melting at 
181-8z°. (Found: C, 57-4; H, 3-6; Cl, 14-5; C,~H,O,C1 requires C, 57-0; 
H, 3-2; Cl, 14.1%.) An alternative method using equimolecular quantities 
of chloroacetyl chloride and 4-methyl umbelliferone and dry pyridine as the 
condensing agent was not so successful either from the point of view of yield 
or purity of the product. 


4-Methyl-coumarino-7 : 8-furan-B-one.—An intimate mixture of 4-methyl- 
7-chloracetoxy-coumarin (0-5 g.) and anhydrous aluminium chloride (2-5 g.) 
was heated in an oil-bath at 175° for about 2 hours. The contents of the flask 
were then cooled and treated with concentrated hydrochloric acid (10 c.c.). 
After about 15 minutes, the mixture was diluted to about 50c.c. with water 
and filtered. ‘The residue was crystallised twice from glacial acetic acid and 
thereby 4-methyl-coumarino-7 : 8-furan-B-one was obtained in the form of 
yellow rhombic prisms melting at 254-56° in an yield of 30%. It gave no 
test for the presence of chlorine and did not give any colour with ferric 
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chloride indicating the absence of a phenolic hydroxyl in the 7th position. 
(Found: C, 66-1; H, 4-0; C,,H,O, requires C, 66-7; H, 3-7%.) 

The benzylidine derivative.—To a solution of the above furanone (0-5 g ) 
in glacial acetic acid benzaldehyde (0-5c.c.) was added. A current of dry 
hydrc gen chloride was then passed thrcugh the solution at the laboratory 
temperature. ‘Lhe original ylluw colour of the solution decpened and 
gradually turned out into a daik red colour. Soon after the saturation of the 
solution with hydrogen chloride gas, crystals of the benzylidine derivative 
began to separate copiously. ‘Lhe current of hydrogen chloride was continued 
for one hour more and then the flask was coiked tight, paraffined and left 
overnight. The crystalline solid was then filtered and washed first with 
dilute acetic acid and then with water. ‘Lhe crystals which were daik brown 
in colour, crumbled into a deep greenish yellow powder on pressing upon the 
tile. On recrystallising from hot glacial acetic acid, fine needles of yellow 
colour were obtained melting at 194-96°. (Found: C, 74-5; H 4-2; 
Cy9H}.0, requires C, 75-0; H, 3-9%.) 


The acetyl derivative.—Acetylation of the furanone was first carried out 
using sodium acetate and acetic anhydride. The mixture was kept gently 
boiling for about 4 to 6 hours and after cooling poured into water. The solid 
that separated was crystallised from alcohol. In this case crystallisation was 
particularly difficult owing to the resinification of the material during acetyla- 
tion. The yield was poor and the product impure. Hence the following 
procedure was adopted. The methyl coumarino-furanone (1 g.) was heated 
for an hour with freshly distilled acetic anhydride (30 c.c.) and acetyl chloride 
(le.c.) on a boiling water-bath. The excess of acetic anhydride was then 
distilled under reduced pressure and the residue wes treated with water. 
The solid that separated was crystallised from alcohol when it yielded 0-8 g. 
of fine yellow needles melting at 172-3°. (Found: C, 64-4; H, 4-4; 
C,4H,,O; requires C, 65-1 and H, 3-9%.) 


7-Chloracetoxy-coumarin.—Umbelliferone was obtained in good yield by 
adopting the improved method of Bridge, Crocker, Cubin and Robertson.® 
By the action of excess of chloracetyl chloride, the chloracetoxy coumarin 
was easily obtained. It crystallised from alcohol (charcoal) in clusters of 
colourless fibrous needles melting at 163-4°. The yield was 90%. (Found: 
C, 55-6; H, 3-4; Cl, 14-6; C,,H,O,Cl requires C, 55-4; H, 2-9; Cl, 14.9%.) 


Coumarino-7 : 8-furan-B-one was obtained by heating a mixture of 7- 
chloracetoxy-coumarin and anhydrous alaminium chloride at 166° for about 
two hours. ‘The product was crystallised from a mixture of glacial acetic 
acid and water and was obtained in the form of yellow rectangular plates 
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melting at 252-3°. The yield was 25%. (Found: C, 64-8; H, 3-5; C,,H,O, 
requires C, 65-3; H, 3-0%.) 

The benzylidine derivative was obtained as orange red needles melting 
at 284-6°. The acetyl derivative crystallised from alcohol in the form of 
fine yellow needles melting at 152-3°. (Found: C, 63-9; H, 3-8; C,,;H,O, 
requires C, 63-9; H, 3-3%.) 


7-Chloracetoxy-3-methoxy flavone was obtained in good yield (90%) by 
heating a mixture of 7-hydroxy-3-methoxy flavone and chloracetyl chloride. 
It crystallised from alcohol in colourless fibrous crystals melting at 169°. 
(Found : C, 62-6; H, 4-2, Cl, 10-7 ; C,,H,,0,Cl requires C, 62-7 ; H, 3-8, Cl, 
L10-4%.) 


3-Hydroxy-flavono-7 : 8-furan-B-one was prepared by heating a mixture of 
anhydrous aluminium chloride and the above chloro-compound at _ its 
melting point. The product crystallised from glacial acetic acid in the form 
of small rhombic prisms melting at 284-6°. The yield was 25%.. The sub- 
stance contained no methoxyl and gave a brownish pink colour with ferric 
chloride. (Found: C, 66-0; H, 4-2; C,,H,,O;, H,O requires C, 65-4; 
H, 3-8%.) The benzylidine derivative, which was obtained from glacial 
acetic acid as tiny plates, melted at 274°. The acetyl derivative readily 
crystallised from alcohol in the form of rhombic prisms of light yellow colour 
and melted at 192°. (Found: C, 66-7; H, 4-1; C.,H,,O, requires C, 66-7; 
H, 3-8%.) 


7-Chloracetoxy-flavone was obtained in the form of colourless, long fibrous 
needles melting at 138-39° when crystallised from alcohol. It exhibited a 
greenish tinge which was difficult to remove. (Found: C, 64-8; H, 4-0; 
Cl, 11-4; C,,H,,0O,Cl requires C, 64-9; H, 3-5; Cl, 11-3%.) 


Flavono-7 : 8-furan-B-one was prepared by subjecting 7-chloracetoxy 
flavone to Fries migration using anhydrous aluminium chloride. ‘Lhe product 
was crystallised from alcohol (yield 25%) in the form of tiny yellow needles 
melting at 206-7°. (Found: C, 71-3; H, 4-3; CyH, Oy, 4 H,O requires 
C, 71-1; H, 4-0%.) The benzylidine derivative crystallised in the form of 
rectangular needles of light green colour melting at 224-5°. (Found: C, 
71-3; H, 4-6; CogH 4,04, 2 H,O requires C, 71-6; H 4-5%.) The acetyl 
derivative was obtained in the form of tiny needles collecting as stars 
and melting at 260-61°. 

Summary 


Starting from 7-hydroxy-coumarins and flavones the chloracetoxy 
compounds have been prepared and these have been converted into 
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coumarino-7 : 8-furanones and flavono-7 : 8-furanones by means of the Fries 
reaction. Their properties have been studied and their benzylidine and acetyl 
derivatives obtained. 
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1. Introduction 


‘THOUGH it has been known for a long time that the oxyacids, in general, show 
a marked tendency for association in the pure state, until recently the effect 
of this association on the molecular oscillations as revealed by the Raman 
and the infra-red spectra was not clearly understood. Detailed and exhaustive 
investigations of the Raman spectra of inorganic acids have been carried out 
by several authors and tentative conclusions have been drawn regarding 
both association and dissociation in them. Recent investigations of organic 
acids in pure state and in aqueous solutions by Kohlrausch (1933), Peyches 
(1935), Edsall (1936) and others have shown that pronounced changes are 
brought about due to polymerisation in the “ carbonyl’’ frequency of the 
carboxyl group in these acids. Thus while the “ carbonyl’’ frequency in 
most of the esters, aldehydes and ketones falls at A v > 1720, it is consider- 
ably lowered in megnitude in acids and occurs at A v < 1670. In the first 
member of the series, namely, in formic acid, there is in addition, a broad line 
at about 1720 which is not observed in the other mono-basic acids. This 
lowering of the “ carbonyl ’’ frequency in acids is explained as due to poly- 
merisation of molecules, while the line at 1720 is essigned to the unassociated 
molecules. In support of the above explanation it has been pointed out, 
notably by Edsall (1936), that when these acids are examined in aqueous 
solutions, the line at 1650 tends to disappear while the one at 1720 intensifies 
considerably. Gupta (1936) and Koteswaran (1938 and 1939) have reported 
a shift of the 1650 line towards higher frequency in formic and acetic acids 
when dissolved in polar and non-polar solvents. 


In investigating the spectra of these acids in the presence of other 
solvents, however, the part played by the solvent is still obscure and hence the 
issue becomes complicated. Accordingly, in the present investigation the 
change in the Raman spectra of some of the organic acids with changes of 
temperature and state of aggregation has been undertaken. The substances 
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studied are isobutyric, benzoic, cinnamic and lactic acids, and ethyl lactate. 
The spectra of benzoic and cinnamic acids in the solid state have been studied 
for the first time. Using a spectrograph of high dispersion and high resolving 
power it has been possible to obtain greater details in these spectra than have 
hitherto been reported. Besides throwing some light on the degree of poly- 
merisation and ionisation in these acids some conclusions regarding cis-trans 
jsomerism in cinnamic acid have also been deduced. 


2. Experimental 


The spectrograph used was of the Littrow type supplied by the firm of 
Adam Hilger, Ltd. It consists of two large glass prisms, one 60° and the other 
30°, giving a resolving power of about 3cm.-! in the region between A 4046 
and A 4358 and a dispersion of about 10 A/mm. in the 4358 region. Though 
the light gathering power of this instrument is not high, well-exposed spectra 
of scattered light taken with this instrument are found to show finer details 
which are not so strikingly brought out in the pictures taken with spectro- 
graphs of smaller dispersion. Ilford selochrome plates with special backing 
were employed to record the spectra and the exposure required to get intense 
pictures varied from three to four days, while a slit width of 10 » was used 
throughout. Wood’s experimental arrangement was used for photographing 
the spectra. The Raman tubes were of pyrex glass with fused glass windows 
at one end and contained the dust-free liquids sealed off in vacuum. 
Workers who have investigated these acids have reported the presence of 
strong continuous spectrum which partially masks the Raman lines. In the 
present investigation this continuous spectrum is mostly avoided by using 
Kahlbaum’s pure chemicals further purified by repeated distillation. Benzoic 
and cinnamic acids which are solids at the room temperature were purified by 
sublimation in vacuum. The light source consisted of two pyrex mercury 
lamps placed on either side of the tube. The plates were measured with the 
aid of a Hilger cross-slide micrometer in comparison with an iron are spectrum 
which is recorded at the centre of the spectrum on every plate. 
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3. Results* 


The results of the investigation are listed in Tables I to IV. 


TABLE I 


Iso-Butyric Acid (CH3), CH COOH., B.P. 154°C. 





Kohlrausch, Képpel 
and Pongratz 
R.T. 


Author 





Cold (35° C.) 


Hot (145° C.) 





261 (1 b.) (k. e.) 


342 (1 b.) (e) 


504 (4) (k. e.) 


539 (1) (e.) 


602 (} b.) (k. e.) 


742 (3) (k.e.) 


800 (10) (k. g. e.) 


910 (4) (k. f. e.) 


962 (3) (k.e.) 


1054 (0) (e.) 








133 (3) (k. e.) 
253 (2 b.) (k. e.) 
283 (0) (e.) 
323 (2) (e.) 
354 (2) (e.) 
436 (0 b.) (k. e.) 
508 (5) (k.e.) 
535 (2) (k.e.) 
(2 b.) (k. e.) 
(0) (k. e.) 
(1) (k. e.) 
2 (3) (k.e.) 


(10) (k. e.) 
854 (0) (k. e.) 
909 (6) (k.e.) 
930 (0) (k.e.) 
964 (5) (k. e.) 
990 (3) (k. e.) 
1010 (0) (k. e.) 
1046 (1) (k.e.) 


1096 (1) (k. e.) 


1 





133 (1) (v.d.) (e.) 
253 (2 b.) (k. e.) 
283 (0) (e.) 

323 (2) (e.) 

354 (2) (e.) 

436 (0 b.) (e.) 
508 (4) (k. e.) 
535 (2) (k. e.) 
600 (2 b.) (k. e.) 
685 (0) (k. e.) 
710 (0) (k.) 

742 (3) (k.e.) 
790 (1) (k. e.) 
800 (10) (k. e.) 
854 (0) (k.e.) 
909 (6) (k. e.) 
930 (0) (k. e.) 
964 (5) (k. e.) 
990 (2) (k. e.) 


1010 (1) (k.e.) 


046 (1) k.e.) 


1096 (1) (k.e.) 





* The notations employed are the same as those used by Kohlrausch, Der 


Smekal-Raman Effect, 
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TABLE I—(Contd.) 





Kohlrausch Képpel 
and Pongratz 
R.. 


Author 





Cold (35° C.) 


Hot (145° C.) 








1103 (2 b.) (k.e.) 
1286 (2 b.) (k. e.) 


1430 (3 b.) (k.e.) 


1456 (5 b.) (k. e.) 


+ 104 (4b.) (e.) 


7 (8 b.) (p. q. k. e.) 


2924 (10 b.) (q. k.e.) 
2979 (10 b.) (q. k. e.) 





1107 (2 b.) (k.e.) 
1224 (2 b.) (k. e.) 
1302 (4) (k.e.) 


1436 (3 b.) (k. e.) 
1456 (6 b.) (k. e.) 
1532 (0?) (k.e.) 
1654 (4 b.) (e.) 


2732 (0) (e.) 

2815 (0) (e.) 

2881 (6) (p. q. k. e.) 
2916 (4) (k. e.) 
2929 (4) (k.e.) 
2970 (10) (k. e.) 








1107 (2 b.) (k. e.) 
1224 (2 b.) (k.e.) 
1302 (4) (k.e.) 
1361 (1) (k.e.) 
1436 (3 b.) (k. e.) 
1456 (6 b.) (k. e.) 
1532 (0 b.) (k. e.) 
1654 (4 b.) (e.) 
1726 (1 b.) (e.) 
2732 (0) (e.) 
2815 (0) (e.) 
2881 (6) (p. q. k.e.) 
2916 (4) (p. k. e.) 
2929 (4) (k.e.) 
2970 (10) (k.e.) 
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TABLE II 
Benzoic Acid CFH;COOH. M.P. 122°C. 
Kohlrausch Thatte Koteswaran Author 
No. 
Molten Molten | Molten | Moiten Solid 

1 160 (2 e.) 

2| 179 (4b.) (e.) 186 (e.) 174 (5) (e.) 181 (4 b.) (e.) 
3 376 (0) (e.) 876 (1) (e.) 

4 | 415 (3 b.) (e.) 418 (e.) 422 (4) (e.) 422 (2 b.) (e.) 
5 482 (0 b.)(e.}; 482 (0 b.) (e.) 
6 | 617 (6b.) (e.) 617 (2) (e.) 610 623 (6s.)(e.) | 628 (4s.) (e.) 
7 642 (1) (e.) 642 (0) (e.) 

8 792 (0) (e.) 

9 | 785 (5 b.) (e-) 849 800 (5) (e.) 800 (5) (e.) 
10 816 (1) (e.) 816 (1) (e.) 
11 | 997 (8) (e). 1006 (3) (e.) 998 997 (10) (e.) 997 (8) (e.) 
12 1010 (1) (e.) 
13 | 1022 (0) (e.) 1016 (2) (e.) 1016 (2) (e.) 
14 1025 (0) (e.) 1026 (1) (e.) 
15 | 1108 (0 b.) (e.) 1109 (1) (e.) 1109 (1) (e.) 
16 | 1156 (2) (e.) 1172 (1) (e.) 1177 (2 b) (e.) | 1177 (2 b.) (e.) 
17 | 1268 (2 b.) (e.) 1263 (4 b.) (e.)} 1285 (4b.) (e.) 
18 295 (1) (e.) 1308 (1) (e.) 
19 1405 (0) (e.) 1360 (0) (e.) 
20 | 1599 (8 b.) (e.) 1604 (3) (e.) 1602 1598 (8) (e.) 1598 (8 b.) (e.) 
21 | 1650 (3 b.) (e.) | 1648 1654 1660 (4) (e.) 1642 (4) (e.) 
22 1687 
23 | 1732 (0 b.) (e.) 1710 (0 b.) (e.) 
24 | 3073 (3) (e.) 3044 3065 3065 (4) (e.) 3043 (2) (e.) 
25 3101 (0) (e.) | 























TasLE III 



















































































. 
ia Lactic Acid (CH, CHOH COOH) Ethyl Lactate (CH, CHOH COOC, H,) 
bat waa | PEAS | uiquidar-r. | Burkerdand Kahovec | quid at Br 
7 230 (2 b.) e. 

, | 270 (0) (e.) 290 (1) (e.) 296 (3) (k. e.) 

3 313 (0 v. b.) (e.) 336 (2) (k. e.) 

{ 335 (0) (e.) 352 (4) (e. c.) 351 (4) (k. e.) 

5 370 (0) (k.e.) 

§ 413 (0) (k. e. c.) 408 (1) (e.) 430 (0) (k. e.) 

1 499 (3) (k. e. c.) 497 (5) (k. e. c.) 

8} 5380 (m.)}| 526 (2 b.) (k.e.c.) 521 (2 b.) (e.) 535 (00) (e.?) 527 (1) (e.) 

9 587 (0) (e.) 584 (0 v. b.) (e.) 585 (0) (e.?) 577 (4) (e.) 

10 639 (0) (e.) 642 (0) (e.) 629 (4) (e.) 642 (1) (k. e.) 

l| 748 (5.) | 742 (2) (k.e.e.) 748 (3) (e.) 756 (4) (e.) 755 (1) (e.) 

12 773 (0) (e.) 800 (1) (k. e.) 795 (2) (e.) 

13| 825 (st.) | 822 (5) (k.e.e.) 823 (6) (e.) 859 (8) (k. i. e.c.) 856 (8) (e.) 

14| $64 (st.) | 863 (2) (k.e.) 866 (3) (e.) 868 (2) (e.) 

15| 922 (s.) 919 (3) (k.e.) 921 (3) (e.) 930 (2) (k. e.) 933 (4) (e.) 

16| 998 (s.s. 1000 (2) (e.) 

17 | 1039 (m.) 1018 (3) (k. e.) 1017 (4) (e.) 

18 1042 (3) (k. e.) 1049 (4) (e.) 1049 (2) (k. e.) 

19 | 1083 (s.) 1088 (2) (double ?) 1092 (2) (double )(e.)} 1098 (2) (k.e.) 1091 (2) (k. e.) 

20 | 1126 (s.) | 1126 (1) (k.e.) 1121 (1) (e.) 1113 (4 b.) (k. e.) 1112 (6) (k. e.) 

21 1214 (0) (e. ?) 1220 (0) (e.) 1209 (0) (k. ?) 1212 (1 b.) (k.) 

2 1274 (2) (k.e.) 1276 (4) (k. e.) 

23 | 1381 (s.) | 1308 (1) (k. e.) 1312 (4) (e.) 1298 (1) (k. e.) 1298 (2) (k. e.) 

2 1405 (1) (e.) 1400 (1) (e.) 1402 (4) (k. e.) 1404 (2 b.) (k. e.) 

25 | 1446 (m.) | 1455 (4 b.) (k. e.) 1450 (4 b.) (e.) 1454 (6 b.) (k.e.) 1445 (6 b.) (k. e.) 

26 1461 (1) (k. e.) 

a7 1723 +5 (2 b.) (e.) 1532 (0) (k. e.) 

2811710 (m.) | 1744 + 6(2 b.) (e.) 1715 +(20) (2b.) | 17384 + 11 (4b.) (e.) | 1731 £10 (4 bd.) (e.) 

29 2726 (4) (k.) 

30 2818 (0) (e.) 2808 (1) (k.) 2808 (0) (k. e.) 

31 2884 (5 b.) (p. k. e.) 2883 (6) (e.) 2874 (8 b.) (k. e.) 2869 (6) (k. e.) 

% 2900 (6) (k. e.) 2903 (3) (k. e.) 

33 2943 (9 b.) (q. k. i. e.) 2945 (8) (e.) 2936 (12) (q. 0. k.i.e.)| 2941 (10) (k.e.) 

4 2996 (7s. b.) (q. p. k.c.) | 2994 (5 b.) (e.) 2981 (10 b.) (q. k.e.) | 2994 (8 b.) (k. e.) 
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TABLE IV 





Cinnamic Acid C,H, CH CHCOOH. M.P. 133°C. 





Molten 


sch and Pongratz 














169 (1) + (e.) 
286 (0) (e.) 
579 (2) (e.) 
613 (2) (e.) 
675 (1) (e-) 
713 (0) (e.) 
749 (0) (e.) 
866 (1) (e.) 


966 (4) (e.) 


998 (6) (e.) 


1108 (0) (e.) 
1154 (1) (e.) 
1178 (4) (e.) 
1198 (7) (e.) 


1259 (4) (e.) 


1440 (3) (e.) 


Author 





Molten (150° C.) | 


] 


Solid (R.T.) 











153 (v. b.) (2) (e.) 


587 (1 b.) (e.) 


616 (2) (e.) 


677 (1 b.) (e.) 


848 (1) (e.) 
875 (2) (e-) 


994 (1) (e.) 
1003 (8) (e.) 


1027 (4) (e.) 
1077 (1) (e-) 
1112 (1) (e.) 
1155 (4) (e-) 
1181 (5) (e.) 
1194 (7) (e-) 
1205 (1) (e-) 
1244 (0) (e.) 
1264 (7) (e.) 


1438 (1b.) (e.) 
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ro} | 
oe) 
1 


616 
677 


848 


875 


994 
1003 
1019 
1027 
1077 
1112 
1166 
1181 
1194 


1438 


(3) (e.) 


(2 b.) (e.) 
(2) (e.) 
(1) (e.) 


(1) (e.) 
(2) (e.) 


(1) (e.) 
(8) (e.) 
(4) (e-) 
(2) (e-) 
(1) (2) 
(1) (e.) 
(3) (e-) 
(6) (e.) 
(1 b.) (e.) 


5 (6) (e.) 


(0) (e.) 
(3) (e.) 
(b) (e-) 
(1) (e.) 


3 (3) (e.) 


(1 b.) (e.) 
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TABLE IV—(Conid.) 











Author 
No. | Kohlrausch and Pongratz | | 
Molten Molten (150° C.) Solid (R.T.) 

| | | 
27! 1495 (1) (e.) | 1485 (2 s.) (e.) 1485 (2 8.) (e.) 
28 1537 (0 b.) (e.) 1537 (0 b.) (e.) 
29 1575 (1) (e.) 1589 (2) (e.) 
30 | 1594 (9) (e.) 1599 (8) (e.) 1599 (8) (e.) 

| 
31 | 1618 (2) (e.) 
32 | 1628 (10 b.) (e.) 1624 (10. v. b.) (e) 1634 (10 b.) (e.) 
33 1654 (2 b.) (e.) 1649 (4) (e.) 
34 3049 (4) (e.) ? 3050 (0) (e.) 3050 (0) (e.) 











1. Isobutyric Acid.—The Raman spectrum of isobutyric acid has been 
studied by Ziemeki and Narkiewies Jodko (1929), Kopper and Sitzber (1932) 
and Kohlrausch, K6ppl and Pongratz (1933). The latest results of Kohlrausch 
and his collaborators (1933) which are more exhaustive than the previous 
ones, with the frequencies obtained in the present investigation are given in 
Table I. An inspection of the table would show that there is close agreement 
between these two results and in addition, a few new lines (marked in italics) 
are recorded. The differences noted are the following. The strong lines 800 
and 962 are accompanied by weaker components and the broad line v (CH) 
at 2877 is split up into two lines with frequency shifts 2881 and 2916. The 
broad diffuse lines at 261, 342 and 1286 are found to split up each into two 
components. Another feature is the appearance of two weak lines at 2732 
and 2815 which are not reported by the previous authors. This is the weakest 
member of the strong hydrogen lines. It corresponds to A v 2756 in pro- 
pionic, 2739 in butyric, 2730 in valeric acid and 2739 in caproic acid. 

The effect of heating isobutyric acid up to 145°C. (B. P. 154°C.) is that a 
new broad band appears at 1726 and a fairly intense line at 133 becomes weak 
and very diffuse and merges with the ‘wing’. Besides, two new lines at 
790 and 1361 begin to make thei: appearance and the lines at 930 and 1010 
gain somewhat in intensity. A line at 708 (1) appears weakened at the higher 
temperature. 


2. Benzoic Actd.—This acid has been studied by Kohlrausch, K6ppl 
and Pongratz (1933), Thatte and Askhedkar (1936), and Koteswaran (1938). 


Table II gives the Raman frequencies obtained for this acid in the solid and 
A6 B 
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the liquid states as well as the frequencies obtained for the [quid by the 
above woikers. 


From the comparative table it may be seen that there is considerable 
discrepancy among the results so far reported. All of them have mentioned 
that there is a strong continuum which makes the recording of Raman lines 
very difficult. In the present investigation solid benzoic acid was recrystal- 
lised from water solution and purified by sublimation in vacuum. This 
reduced the continuum to a large extent. It was, however, found that 
irradiation of the liquid with ultra-violet light slowly develops the continuum. 
In order to avoid this throughout the exposure, 4046 and all radiations beyond 
were cut off using the sodium nitrite filter. There is general agreement 
between the results of the author and those of Kohlrausch and Pongratz. 
It can be seen that Thatte and Koteswaran have missed most of the lines with 
the exception of the stronger ones. The line at 1687 reported by Thatte is 
not confirmed in the present wo1k. Instead of the frequency 800, Koteswaran 
reports a line at 849, which appears to be rather high. There is a measurable 
difference between the C = O frequency in the solid and in the liquid benzoic 
acid ; while it is 1642 in the former, it is shifted to 1662 in the liquid. Other 
minor changes observed between the spectra of the two states are that a fairly 
intense line at 1285 in the solid is shifted to 1263 in the liquid and a weak 
line at 1710 comes up in the latter. 


3. Lactic Acid.—lactic acid in aqueous solution has been studied by 
Peyches (19.5) and the spectra of pure acid by Burkard and Kahovec (1938). 
These results are listed in Table III together with those of the present 
investigation. ‘The frequencies of ethyl lactate have also been recorded in 
the same table for the sake of comparison. Compared to the spectra of other 
acids lactic acid is found to give broad Raman lines. 


Most of the lines in the low frequency region are found to disappear in 
the spectra of the aqueous sclution of this acid. One striking difference 
between the results of the author and of Burkard and Kahovec is that instead 
of two lines at 1723 and 1744 reported by the latter only one broad line with 
its centre at about 1715 has been observed in the present investigation. As 
the above authors themselves remark their results might have been vitiated 
to some extent by the presence of lactide in the liquid. 

4, Cinnamic Acid.—Kohlrausch and Pongratz have studied cinnamic 
acid in the molten condition. ‘The spectra of this acid in the solid state has 
been studied for the first time. Table IV summarises the results of the present 
investigation along with those of Kohlrausch and Pongratz. Except for the 
weak lines of zero intensity at 286, 713, 747 and 966 which are not recorded 
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here, the results of these authors for the molten acid are contirmed. Additional 
lines recorded are 848, 994, 1027, 1077, 1205, 1244 and 1537. The spectrum 
of the solid contains in the region 1100 to 1350 five lines 1194 (1b) ; 1205 (6); 
1264 (3); 1292 (6) and 1326 (ls) and these are replaced in the spectrum of 
the liquid by 1194 (76) ; 1205 (1); 1264 (7) and 1292 (1), that is to say, that 
while 1194 and 1264 are strong in the liquid, they are considerably weakened 
in the solid and on the other hand the lines 12€5, 1292 and 1326 which are 
intense in the solid are very weak in the liquid. Kohlrausch and Pongratz 
have reported only two lines at 1594 and 1628 and they assume that the 
former is due to C = C and the latter owes its origin to C = O. In the place 
of these two lines the author has observed five lines in the solid namely : 
1589 (2); 1599 (8) ; 1618 (2); 1634 (10) and 1649 (4) which are replaced by 
lines at 1575 (1); 1599 (8); 1624 (100) and 1654 (20) in the liquid. Obvi- 
ously, the assignment of 1628 to C = O by the previous authors is incorrect. 
The carbonyl frequency falls at about 1650 as in other acids and the other 
lines in this region have to be attributed to C = C linkage. 


4. Discussion 


1. Molecular Association in Organic Acids.—Pauling and Brockway (1934) 
from their study of electron difiraction in formic and acetic acids have con- 
cluded that they exist for the most part, as double molecules having a closed 


PY HO 

Nou. aoe 
hydroxyl groups are linked to the oxygen atoms of the carboxyl groups by 
hydrogen bonds. The effect of this inter-molecular binding is to weaken the 
C = Oand the O—H linkages, and consequently, to lower the carbonyl 
and the hydroxyl frequencies in their spectra. Besides, corresponding 
to the skeleton ring formed by the weak hydrogen bonds at least two 
additional frequencies, namely, one akin to ‘ breathing’ and the other due 
to deformational oscillations could be expected. To explain the acidity of the 
acids, however, we have to consider further the existence of a certain 
proportion of ionised carboxyl groups in equilibrium with single molecules. 
Thus in the pure liquid at room temperature the existence of the three 
molecular species should be postulated, namely, the polymerised and the 
unassociated molecules and the ionised group. The process of depoly- 
merisation and dissociation in these acids may thus be represented as 
follows : 


structure R Pas Rin which the hydrogen atoms of the 











222 K. Sunanda Bai 


The stronger the acid the greater must be the proportion of free ions and 


consequently the greater the number of single molecules which are in equili- 
brium with them. 


Carbonyl frequency.—All fatty acids have got a frequency in the range 
1650-1800 which is attributed to the C =O group. This frequency is 
far below the typical values for esters (1730), aldehydes (1720) or 
ketones (1710). Pure anhydrous formic acid, however, possesses two fre- 
quencies in this region. One is fairly intense and broad at about 1672 (3 d) 
and the other is a weak line near 1730 (16). In aqueous solution of this 
acid the strong line shifts to 1727 and the weak line tends to disappear. 
Sannie and Poremski (1937) were the first to assign the line 5v 1650 to the 
‘“carbonyl’’ shift in associated molecules of these acids and 1730 which 
appears on d.lution to the unassociated molecules. This is in agreement 
with the preliminary considerations given above. 


The influence of polymerisation on the carbonyl frequency is strikingly 
brought out in the present investigation by comparing the spectrum of iso- 
butyric acid at the room temperature and at about 145°C. which is near the 
boiling point of the liquid. ‘The difference between the two spectra is shown 
by the microphotometric curves given in Fig. 1. At the higher temperature 
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Fie. 1 
Microphotometric curves for iso-butyric acid 
Top—Room temp., bottom—145° C. 
the line at 1654 remains unchanged both in frequency shift and in its intrinsic 
breadth, though probably it is slightly lowered in intensity and a weak difiuse 
line with its centre at 1718 makes its appearance. 


It is reasonable to assume that as the temperature of the liquid is raised 
to the boiling point, the tendency will be to reduce the degree of polymerisa- 
tion. The appearance of the line at 1720, therefore, suggests that the 
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proportion of single molecules to the polymers increases. In recent years 
Koteswaran (1938 and 1939) has also investigated the changes in the spectra 
of formic, acetic and benzoic acids for a temperature range of about 100°C. 
Probably due to insufficient resolving power for ihe spectrograph, he has not 
been able to separate the two C = O frequencies even in formic acid and so 
has observed only a shift of the C =O band towards a higher value. His 
results would thus make it appear that depolymerisation due to rise of tem- 
perature is the result of a weakening of the hydrogen bond. But in isobutyric 
acid, the carbonyl frequency of the polymerised molecules has a constant 
value at the two temperatures wh‘ch indicates that the strength of the 
hydrogen bond is not appreciably affected by changes of temperature. 

From the nature of the two lines attributed to the carbonyl group in 
isobutyric acid, we can conclude thet the one due to the polymer is com- 
paratively sharp and intense at ordinary temperatures and has a lower 
frequency shift and the other due to the unassociated moleculcs is broad and 
diffuse and has a higher value. Applying these considerations to the other 
acids studied here, benzoic acid is mostly inthe dimer state in the solid and on 
melting a greater percentage of the monomer is formed which gives rise to 
the weak line at 1710. In the case of lactic acid, the C =O frequency 
falls at 1715 and is also very diffuse. This is very nearly the same as the 
frequency obtained by Peyches in aqueous solution. ‘There is no indication 
of any line at 1659. The “ carbonyl”’ frequency in ethyl lactate is 1730. 
The difference between the acid and the ester frequencies is not very great. 
Hence we have to conclude that, in Raman effect, this acid behave§ as if 
it consists mostly of single molecules. If polymerisation exists in the acid, 
the hydrogen bond involved should be considered as very weak. In cinnamic 
acid both in the solid and liquid states, only one line at 1650 has been recorded. 
It should be mentioned that there is a certain amount of continuum in that 
region which would have masked any other faint line. However, it is safe 
to conclude that as in other acids of the series this also exists upto its 
melting point predominantly in the dimer statc. 

It has now been established that the C = O in the ionised carboxyl group 
which is present in varying proportions in the acids depending on the sirength, 
gives rise to either a weak or no line at all in the 1700 region. Gupta (1936) and 
Edsall (1936) have put forward that this is due to the fact that resonance ex- 

O7- 
ists in the ion, which tends to make the structure symmetrical as |R — C-> 
No 
This structure will have three frequencies. The spectrum of the formate ion 
is shown by Venkateswaran (1925) to contain besides € — H oscillations 
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three frequencies v; = 1350, v, = 1535 and vg 800. Edsall has shown that 
they correspond to the oscillations of the (COO) group. We notice that in 
isobutyric acid at higher temperature three lines at 1361, 790 and 1532 have 
intensified compared to the room temperature. This suggests that simul- 
taneously with depolymerisation, dissociation of the monomers also increases 
with temperature. But, from the fact that the line at 1361 due to the 
symmetrical oscillation is weak in all the acids studied, we have to conclude 
that the ionisation remains small in them. 


The Hydroxyl Frequency.—Attention may also be drawn to the absence of 
the characteristic O — H band in any of the spectra studied. Among the 
Raman spectra of organic acids so far reported (Weiler, 1935) the O— H band 
is present fairly strongly in formic and weakly in acetic acids. In infra-red, 
however, usually two bands exist ; one corresponding to the monomer and the 
other to the dimer. From the structure of the dimer proposed by Pauling 
and Brockway it is easy to see that the O — H groups occupy symmetrically 
opposite positions, and it is probable that the change in the polarisibility of 
one group is opposed by that of the other rendering the Raman line very 
weak. In formic and acetic acids the observed O — H band has to be assigned 
entirely toa greater proportion of single molecules present which are in 
dynamic equilibrium with the products of ionisation. 

The Low Fregquencies.—One significant result with isobutyric acid is that 
a line of frequency 133 in the cold becomes weak and considerably difiuse at 
145°C. Another feeble line at 710 also suffers somewhat in intensity. These 
two lines are characteristic of the associated molecules and may therefore 
be called ‘‘ association bands’’.* ‘The weakening of these bands with rise of 
temperature confirms the conclusion already drawn regarding the breaking 
up of the polymers into monomers. Lines corresponding to 133 of isobutyric 
acid occur at 174 in benzoic, 153 1n cinnamic and absent in lactic acid. - In 
the solid state of the first two acids these frequencies are slightly higher, 
indicating that the intermolecular bonds are stronger. The same result is shown 
by the lowering of the carbonyl frequency in these acids while passing from 
the liquid to the solid condition. Similar low frequency band in formic acid 
has a value 200 and is depolarised indicating that it arises from the defor- 
mational oscillations of the ring. 

2. Cis-Trans Iscmerism in Cinnamic Acid.—A comparison of the 
spectra of benzoic acid (CsH;COOH) and cmnamic acid (C;H,CH : CH: CH. 





* Leitman and Ukhocin (J. Ch. Phy., 1934, 2, 825). These authors believe that 


the line at about 708 in acctic acid which weakens with increasing dilution is an 
‘ association band ”’, 
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COOH) reveals interesting features. While the former shows no appreciable 
difference between the solid and the liquid states, the latter exhibits remarkable 
changes in the range 1000 to 135) of the spectra of the acid obtained at the 
room temprature when it is solid and at 150°C. when it is liquid. The 
spectrum of the solid is perfectly reproducible on resolidification. This 
difference in the behaviour is evidently to be accounted for by assuming that 
the structure R-C:C-R’ of cinnamic acid is predominantly trans in the solid 
and passes over to the cis form almost immediately on melting. In 1, 2 
dichloroethylene studied by Bonino and Briill (1929) and later by Kohlrausch, 
Pongratz and others (1932), the band between 1255 and 1260 in the 
cis form is elevated to 1300 in the trans, and the C = C frequency in the cis 
is raised by about 15 wave-numbers. ‘The changes observed in the spectra of 
cinnamic acid in the two states are illustrated in the microphotometric curves 
(Fig. 2), and by the accompanying plates. ‘The Raman lines at 1205 and 1292, 
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Microphotometric curves for cinnamic acid 
Top—Solid. bottom—Liquid, 
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intense in the solid and weak in the liquid, are characteristic of the trans 
compound and 1194 and 1264 which are intense in the liquid and weak in the 
solid are due to the cis molecules. ‘The existence of the latter pair of lines 
weakly in the solid suggests that there is a small proportion of the cis form in 
equilibrium with the ‘vans and similarly, the presence of 12C5 and 1292 in the 
liquid indicates that it consists mostly of cis molecules with a small propor- 
tion of the tvans form. In addition, a fairly intense line at 1326 in the solid 


is virtually absent in the liquid and hence this line also should be assigned 
to the trans molecules. 


Again, while benzoic acid possesses only one intense line at 1598 due to 
the ethylenic linkage C = C, cinnamic acid yields two very strong lines at 
1599 and 1634. Besides, there are two other weak lines at 1537 and 1618 
present in the solid whicn also owe their origin to the same bond. In the 
liquid, the line at 1598 remains as sharp and intense as in the solid, but the 
one at 1634 broadens out and shifts to 1624. Probably, this is only the result 
ofthe weak line 1618 of the solid intensifying in the liquid and the strong line 
1634 weakening. ‘These changes in the ethylene frequencies in cinnamic 
acid could be explained by assuming that the line 1598 which occurs in benzoic 
acid and benzene spectrum as well, is due to C = C of the benzene ring and the 
line 1634 is characteristic of the ‘vans compound. ‘The latter line is replaced 
by 1618 in the cis form to which the molecule is transformed in the liquid. 
A lowering of the C = C frequency by about 15 wave-numbers in passing over 
from the trans to the cis position has been generally noticed (Hibben, 1939). 
An alternative explanation that these two strong lines in cinnamic acid arise 
out of a resonance existing between C = C and C = O in the chain is highly 
improbable. Other changes in the spectra due to cis-trans isomerism 
could be expected in the C — H oscillations and in the low frequency region. 
But in cinnamic acid, strangely enough, only one extremely weak C —H 
frequency at about 3050 could be noticed. 


In conclusion the author wishes to express her respectful thanks to 
Sir C. V. Raman for his kind interest ir the work. Thanks are also due to 
Dr. Venkateswaran for his guidance and keen interest he has shown 
throughout the investigation. 


Summary 


The Raman spectra of ‘so-butyric, benzoic, cinnamic and lactic acids 
as well as cthyl lactate and their variation with temperature and state of 
aggregation has been investigated. The influence of polymerisation on 
the C =O frequency is brought out by camparing the spectrum of 1so-butyric 
acid at room temperature and at 145° C. which is near the boiling point of the 
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liquid (154° C.). At the room temperature only one line at 1650 is recorded. 
At higher temperature this line remains unchanged and a weak diffuse line 
with its centre at 1718 makes its appearance. ‘The line 1650 is due to dimer 
molecules formed by hydrogen bonds and the line 1718 is assigned to the 
monomer. Applying these considerations to the other acids, benzoic and 
cinnamic acids are found to be mostly in the dimer state in the solid and on 
melting a small fraction of the molecules are converted to monomers. Lactic 
acid, however, is found to be almost completely in monomer state even et 
ordinary temperature. Simultaneously with depolymerisation with rise 
of temperature, dissociation of monomers into ions also increases. This is 
indicated by the intensification of three lines at 1361, 790 and 1532 attributcd 
to the ionised carboxyl group in ‘so-butyric acid. The C =O frequency 
in benzoic and cinnamic acids is slightly lower in the solid than in the 
liquid and this is explained as due to a strengthening of the hydrogen bond. 
These conclusions are also supported by observations in the frequency 
region near the Rayleigh line. 


In cinnamic acid marked changes in position, intensity and character 
of lines are observed in the range 1100-1400 while passing over from the solid 
to the liquid state. The lines 1194 and 1264 are strong in the liquid and 
considerably weakened in the solid. On the contrary, lines 1205, 1292 and 
1326 which were intense in the solid are rendered weak in the liquid. It is 
suggested that these changes in the spectra are due to the fact that the solid 
exists predominantly in the trans form with a small proportion of the unsym- 
metrical cis form and changes over almost completely to the latter type on 
melting. ‘The doubling of C = C frequency in cinnamic acid and alteration 
in their position during transition from the solid to the liquid condition 
are also explained on the basis of this cis-trans isomerism. 
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1. Introduction 


Ir is proposed in this paper to discuss the behaviour of the Raman lines 
observed in the transverse and longitudinal scattering of polarised light in 
crystals with specified orientations, a subject which has recently been 
receiving attention in the Proceedings. We may here specially refer to the 
work of Nedungadi (1939) and Bhagavantam (1940) on the cases of sodium 
nitrate and calcite respectively. 


A vibration is said to be Raman-active when it produces a change of 
polarisibility in the vibrating system, the change of polarisibility being a 
tensor having six components. In crystals, the atoms occupy fixed positions 
and consequently the tensor components corresponding to specified modes of 
vibration are determinable by direct observation. ‘Tables of selection rules 
for different symmetry classes, comprising the various types of vibrations, of 
the 32 point groups of crystal symmetry have been given by Placzek (1930, 
1934). There is, however, room for an exposition of the subject in which the 
selection rules are derived by geometrical reasoning, and their relation to the 
experimental results is discussed. Incidentally it has been found possible to 
clear up certain discrepancies between the theoretical results of Placzek 
(1934) and of Cabannes (1937), and also to elucidate the experimental results 
of Nedungadi in sodium nitrate. 


2. Origin of the Raman Effect in Crystals 


The optical polarisibility of a crystal is a bulk property of the substance 
which may be represented by an ellipsoid whose equation referred to some 
three perpendicular directions in the crystal can be written in the form 
Ax? + By? + C22 = 1, where A, B, and C are the lengths of the principal 
axes. These directions coincide with the axes of symmetry in the crystal. 
In the different crystal classes, we have the following relations (Table I) :— 
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TABLE I 
| Relation between the Optical 
Class of | three axes of the crystal polarisi- Principal axes of the 
crystal | and the axes of sym- bility optical polarisibility figure 
| metry figure 
| 
Cubic | Crystal axes are the same} Sphere | Any three perpendicular 
| as axes of symmetry and | rections in the crystal 
| also A = B= C | 
Uniaxial : | Same as above but Ellipsoid of | Optic axis and any two per- 
A= B+C revolution pendicular directions in the 





plane perpendicular to the 
optic axis 
Orthorhombic | Same as above but Ellipsoid The three axes of symmetry 
AFB+¥C 
Monoclinic ..} Only one axis of sym- The axis of symmetry and 
‘| metry | two others which have no 
relation to crystal axes 
Triclinic No axis of symmetry Principal axes have no rela- 
tion to crystal axes 














The optical properties of a crystal will, in general, be altered if it under- 
goes deformation, and the changes will naturally be determined by the nature 
and extent of such deformation ; we shall now proceed to show that we are 
justified in regarding the Raman lines observed with a crystal as due to 
periodic variations in its crystal structure and the consequent changes in the 
form of its ellipsoid of polarisibility, the nature of which can be determined 
from considerations of symmetry. 


The atomic vibrations in a crystal can be divided into two classes, namely 
those of low frequencies constituting the acoustic or sound-wave spectrum, 
and those of higher frequency forming the optical series. Considering first 
the former, these are, at ordinary temperatures, thermally excited and have 
frequencies ranging from a low value to a certain high upper limit. They 
produce stratifications in the medium accompanied by changes in its polarisi- 
bility which are expressible in terms of the piezo-optic constants of the crystal. 
Hence the sound-wave spectrum gives rise to a selective reflection of light in 
certain directions, which may be regarded either as an unmodified scattering 
of light with a Doppler-shifted frequency (Brillouin, 1922) or alternatively 
as a modified coherent scattering of light in which the changes of frequency 
are equal to the frequency of the sound waves responsible for the effect 


(C. V. Raman, C. S. Venkateswaran, 1939). In either case, the intensities 


of the displaced components in the spectrum of the scattered light are 
expressible in terms of the piezo-optic constants of the crystal, 














Raman Effect and Crystal Symmetry 231 


In the present study, however, we are chiefly concerned with the optical 
branch of the vibration spectrum in which the frequencies are higher and 
correspond to the vibrations of the group, which forms the repeating unit in 
the crystal. These vibrations may be considered as being independent of 
the acoustic vibrations referred to above, because in the latter the changes 
of polarisibility in different groups occur in different phases, and their resul- 
tant effect for the whole crystal cancels out, while, in the former, which may 
be assumed to occur in the same phase in different groups, we get a resultant 
integrated efiect. It is only with those vibrations in which all the elementary 
cells vibrate in the same phase that the polarisibility change for the whole 
crystal can be observable, and these vibrations alone, are, therefore, Raman- 
active. It is necessary, however, to emphasise that the considerations out- 
lined here, concerning the independence of the elastic and the optical spectra, 
can only be approximately correct. Experimentally it is known that the 
Raman lines obtained with crystals have a finite width, and broaden and shift 
with the rise of temperature, facts which suggest that the acoustic and optical 
vibrations influence each other to an appreciable extent, especially at high 
temperatures. 


The selection rules in the Raman effect for the optical vibrations can be 
found out by considering the deformations in the ellipsoid of optical polaris- 
ibility produced by them. As each crystal can be assigned to a definite 
point-group, its vibrations will possess the same properties of symmetry as 
those of the given point-system, and, therefore, by considering the nature of 
the optical polarisibility figure, and the symmetries of the given vibration it 
is possible to get a knowledge of the vanishing components of the polaris- 
ibility tensor. The most general form of the deformation of the optical 
polarisibility figure may be the elongations along the three axes, and the 
rotations about the three axes. The equation to the deformed ellipsoid is 
given by (A+ €xz) x?+ (B+ é€yy) ¥?+ (C+ ese) 22+ egy XY + Eye V2 Egg XZ= 1. 
Here €j;=(€xx, €yyr €s2) ANd €5g= (€xy, eye, €2x) ate the six components of the 
change of polarisibility tensor. Physically they mean that if the electric 
vector is along OZ, the electric moments along x, y and z directions are given 
by €x2*Es, €yz*Ez, €:2°Es, respectively, and if the electric vector is along OY, 
they are given by €,,-Ey, €yy:Ey, ¢y,:E, respectively. If both ¢;; and ¢, are 
zero, the vibration is forbidden in the Raman effect. 


3. Derivation of Selection Rules 


The vibrations of a system may be divided into three classes—(1) totally 
symmetric ; (2) antisymmetric; and (3) degenerate. Totally symmetric 
vibrations are symmetric to all the elements of symmetry, and antisymmetric 
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vibrations are antisymmetric to one or more elements of symmetry. Degenerate 
vibrations are those where two or more normal co-ordinates represent the 
same frequency ; these normal co-ordinates differ from one another only in 
their direction in space and can be transformed from one into the other by a 
rotation about an axis of threefold or higher symmetry. We now consider 
the deformations of the optical polarisibility ellipsoid produced by these 
vibrations on the assumption that those symmetry elements, which are 
present in the original vibration, are also present in the deformed ellipsoid. 


Totally svmmetric vibrations.—In these vibrations the axes of symmetry 
are maintained so that the principal axes of the ellipsoid of optical polaris- 
ibility remain the principal axes of the deformed ellipsoid. In the case of 
cubic, uniaxial and orthorhombic crystals, the positions of all the three principal 
axes are maintained, and so the transverse components €,,, €y,, €:, are zero. 
Further, as the change of polarisibility is entirely along the axes, ¢,, = Evy = 
€,, in cubic crystals, €,,= €,y == €,, in uniaxial crystals, ¢,,. ~ €,y = €,, in the 
remaining classes. Inthe monoclinic class, there is only one axis of symmetry, 
say the z-axis, which is the principal axis in the deformed ellipsoid, and as the 
x and y axes are no longer axes of symmetry e€,, is not zero. Therefore if the 
system has a single axis of symmetry, in the z-axis, the vanishing tensor 
components for symmetric vibrations are €,,= €,,=0. The same argument 
holds when the system possesses one plane of symmetry a, (plane perpendi- 
cular to the z-axis). 


Antisymmetric vibrations.—Suppose the vibration is antisymmetric to 
the z-axis which is an axis of symmetry, but is symmetric to the zx-plane 
called a, (plane perpendicular to the y-axis). Since the vibration is anti- 
symmetric to the z-axis, it tends to produce a motion of the z-axis, but the 
vibration being symmetric to the zx-plane, this motion is confined to the 
zx-plane. As a result, the ellipsoid of polarisibility only rotates about the 
y-axis, the z-axis remaining in the x2z-plane, and is not deformed. Therefore, 
all the longitudinal components €,.., €yy, €s. of the polarisibility tensor are zero. 
Further an electric vector along OY will give no induced moments along x and 
z directions, 7.¢., €,y= €, = 0. The same argument holds when the vibration 
is antisymmetric to z-axis but symmetric to y-axis, because the y-axis being 
the axis of symmetry, the z-axis can only rotate in the xz-plane. This vibra- 
tion is antisymmetric to both the x and z axes. The tensor components 
for all these three cases are given by «,, = 0, the rest being zero. It can be 
proved similarly that if the vibraticn is antisymmetric to the z-axis but 
symmetric to ¢, (yz-plane) only ¢,, = 0, the rest being zero. Hence if a vibra- 
tion is antisymmetric to the z-axis only we have ¢€,,= 0, €,,.= 0, 1.€., €j = 


y27 


€xy= 0. ‘The same argument holds when the vibration is antisymmetric to 
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a plane of symmetry o,. The antisymmetric vibrations in the monoclinic 
class are therefore given by «,; = €xy = 0, the axis of symmetry being the 
z-axis, and in the orthorhombic class by either ¢€,, + 0, or €y, = 0 or €,, #0, 
the remaining tensor components in every case being zeroes. 


In the trigonal, hexagonal, and rhombohedral classes, the antisymmetric 
vibrations are symmetric to the threefold axis but antisymmetric to any 
other plane or axis. Therefore, these vibrations are inactive, for, as a result 
of the former, all the transverse components are zero, and as a result of the 
latter all the longitudinal components are also zero. In the tetragonal class, 
the vibrations antisymmetric to the fourfold axis are symmetric to the two- 
fold axes. If the optic axis is the z-axis, this has the effect of confining all the 
vibrations in one xy-plane or in parallel xy-planes, so that an electric vector 
along OZ will produce no induced moments along the three axes x, and z, 7... 
Exe = €ys = 2 = 0 or €,,=0. Further as the ellipsoid of polarisibility is 
deformed €,, =— €yy. Hence the tensor components for a vibration anti- 
symmetric to the fourfold axis are €,, = — €yy; €; =0. If this vibration 
is symmetric to C,, C, or o,, a, we have only ¢,, = — €,,, and if it is anti- 
symmetric to these we have only «€,, + 0, the rest being zeroes. 


Degenerate vibrations.—As these vibrations can be transformed from one 
into the other by a rotation about an axis of threefold or higher symmetry 
which may be taken as the z-axis, it follows that these vibrations must arise 
from translatory motions along x or y axes or from rotatory motions about 
x or y axes. In uniaxial crystals where we have an optic axis, we can have 
only a double degeneracy but in cubic crystals where all the three axes are 
identical we have triple degeneracy as well. 


Uniaxial crystals.—In finding the tensor components for degenerate 
vibrations arising from rotations about x or y axes, both the vibrations 
should be regarded as coexistent. The vibrations will therefore be confined to 
xz and yz planes and are therefore perpendicular to the axes. If the electric 
vector is along OX, the vibrations in the vz-plane give no induced moment 
at all while those in the xz-plane give an induced moment in the z direction, 
1.6, Exe FO, Exe = 0, €,y = 0. Similarly if the electric vector is along OY, 
the vibrations in the xz-plane give no moment at all while those in the 
yz-plane give a moment in the z-direction, 1.¢., €y 0, €y,= 0, éxy = 0. 
The electric vector along OZ gives the moments e,., €y, in the x and y 
directions which must be equal on account of degeneracy. 


required tensor components are ¢; = €x, = 0; Eye = sx: 


Hence the 


Considering now the vibrations that arise from translations along x and y 
axes, it follows that if both vibrations are coexistent, the vibrations are 
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confined to one xy-plane or are in parallel xy-planes. As has been shown, for 
such vibrations, the ellipsoid of polarisibility is deformed so that ¢,, = — ey; 
€,, = 0. Further as the vibrations are degenerate about the z-axis €x, = €,, 
because x and y directions are indistinguishable for an electric vector along OX. 
Among these vibrations there may also be those for which the various xy- 
planes combine with each other to give a rotational motion tending to dis 


place the optic axis. For such vibrations ¢,, = ¢,,=+0. These vibrations 
therefore combine both the rotational and the translational types of vibrations 
and their tensor components ate €y~ = — €yy, €xx= €xys €xx = €ysr €2s = 0. This 


result follows immediately from the fact that there is degeneracy about 
the z-axis for both rotational and translational types of vibration. All these 
three types of degenerate vibrations fall in one single degenerate class if the 
system has only one single axis of threefold symmetry. For this case Placzek 
(1934) gives the last tensor while Cabannes (1937) gives the first two types of 
tensors. If this system has a plane of symmetry perpendicular to the optic 
axis, or the optic axis is an axis of twofold symmetry, the degenerate class 
breaks up into two distinct classes one containing only the translational type 
of vibrations for which ¢€,, = — €yy, 3 =9, €xe = €xy and the other only 
the rotational type for which €;; = ey =0, €:¢ = €xy. 


Cubic crystals.—The doubly degenerate vibrations change the sphere of 
optical polarisibility into an ellipsoid of revolution such that if the optic 
axis is produced in the z-direction the vibration is symmetric to x and y axes 
which become the axes of twofold symmetry. We have then ex, = €yy, 
€xy = €ys = fx = 0. 

The triply degenerate vibrations arise from rotations about x or y or 
axes. In finding the tensor components for such a vibration one has to con- 
sider the vibrations lying in xy, yz and zx planes perpendicular to the axes 
because all the three types of vibration are coexistent. For an _ electric 
vector along OX, the vibrations in yz-plane give no induced moment at all, 
while those in xy-plane give a moment along y-axis, 1.¢., €,y 0, €:.= 0 
and those in the xz-plane give a moment in the z-direction only, 7.¢., €,, 0, 
€xx = 0. If the electric vector is along OY we have, following the same 
reasoning, €x, 0, €,, #0, €,, = 0. As there is degeneracy about the x, v 
and z axes we have €xy = €,, = €, 3° €j = 0. 

4. Summary of Results 
To sum up— 


(1) for the monoclinic class : 


(a) Symmetric vibrations are given by ¢€,, = €,, = 0 
and (b) Antisymmetric vibrations by ey = €,, = 9; 
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(2) for the orthorhombic class : 


(a) Symmetric vibrations are given by €,, = €yy # €:2, ig = 0 
and (0) vibrations Antisymmetric to C,, C, or a,,a, by only €xy # 0, the 
rest zero. 
» Cz, o, or C,,C, or o,,0, by only e€,, +0, the 
rest zero. 
» C,,a,o0rC,, Cy or a,, a, by only ¢,, + 0, the 


»” 


rest zero. 
(3) for the trigonal, hexagonal and rhombohedral classes : 


(4) Symmetric vibrations, are given by €x, = €yy # fsa» ie = 0 
and (b) Degenerate vibrations, by (7) «x, = - 


— Eyy » Exe = Cxyr ei = 0. 
(44) €j, = €xy =, Eye = Exx- 
(422) Exe = — €yys xx = "xy €yz = nx» 
€x, = 0. 
(4) for the tetragonal class : 
(a) Symmetric vibrations are given by €,, = €yy # 22, &% = 9 
and (b) vibrations Antisymmetric to Cy’ by €,, = — yy, €; =0 
(2) ” ” C,’ but 
symmetric to C, C, or ox, oy, by €xx = — ey, the rest zero 
(3) ,, Antisymmetric to C,’andC,,C, ore,, o, by €, #0, the 
Test zero 
and (c) ,, Degenerate by € = €sy =0; €.= 


yz = €xz 


(5) for the cubic class : 


(2) Symmetric vibrations are given by €x, = €yy = €s:, €jg = 0 
and (b) Doubly degenerate vibrations by €,, = €yy, €% =0 


and (c) Triply degenerate vibrations by ¢;; = 0, €xy = €y. = €xz 
5. Polarisation Characteristics of Raman Lines 


In order to find the values of tensor components one has to illuminate 
the crystal ina particular direction fixed with respect to the crystal and 
observe the scattered radiation in a transverse or longitudinal direction fixed 
with respect to the crystal. These fixed directions must be the axes of sym- 
metry of the crystal. If the direction of illumination represents the x-axis, 
and the direction of observation the y-axis, z-axis being at right angles to both, 
the components of the scattered radiations are along the x and z directions. 
The induced moments in these. directions are given by : 


A M, > €xe° Ey Bie Exy* Ey + €xz°E, 
A M, = &,-Ex + Ezy" EK, + €:E, 





(1) 


Al 
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2 
It follows then, since p (the depolarisation ratio) = eae , that for an inci- 
2 
dent electric vector along OY, p = oma and that for an electric vector 
yz 
(€xz)? 
along OZ, p = (c.,)* 


Suppose now that the optic axis in uniaxial crystals, and the direction 
of greatest refractive index in bi-axial crystals, is along the z-axis. Calling 


2 2 
° . € € . 
these directions as x = 1, y = 2,z =3 we have p = Me a and p = —* in 
32 €33 


the two cases respectively. Keeping the optic axis or the direction of 
greatest refractive index as direction (3) we get results for p for different 
orientations of optic axis by simply making x and y assume the value 3 in turn 
and changing y and z accordingly. We thus get Table II for polarisation and 
total intensities for various orientations of optic axis in transverse scattering. 


For longitudinal scattering, the direction of illumination as well as the 
direction of observation is along the y-axis. If the incident light vector is 


2 2 
along OX, p= _ and if the incident light vector is along OZ, p = =. We 
Zz. 22 


have, therefore, Table III for polarisation and total intensities in longitudinal 
scattering. 


Circularly polarised scattering.—To observe circularly polarised scattered 
light the direction of illumination as well as the direction of observation 
should be the same, say along the y axis. Further, in the case of biaxial 
crystals, the scattered light will never be circularly polarised, andinthe case of 
uniaxial crystals, only when the directions of illumination and observation 
are along the optic axis. Therefore, since the incident light vectors as well as 
the components of scattered radiation are along the x and 2 directions, we 
have A M, = €x, > Ex, + &, :-E, and A M, =«,, +: E, +¢,:E,. If the 
incident light is circularly polarised, 


E, = Ecos 27 vt,and E, =Esin2a vi 

we have A M, =(#F “#) E cos 2m vi+yEsin (27vt +¢) 
and AM, = (SS) Bsin 2a vs +yEcos(2avt+¢) 
where y = }{ (ex — €x)? +4 €x,2}# andd =tan? “*——“*. 


xz 


The scattered radiation therefore consists of two parts, one circularly polar- 


ised in the same sense as incident light having an amplitude ‘sx te and 











TABLE II 
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the other circularly polarised in the opposite sense and having an ampli- 
tude y. The intensities of the direct and reverse components of the 
circularly polarised scattered light for the various orientations of optic axis 
are given in Table IV. 

TABLE IV 





Direction of Intensity of the direct Intensity of the reverse compo- 
optic axis component of scattered light nent of circularly polarised 
scattered light 





9 \9 9 
t (€4) + €33) tL (€y3 — €g3)° + 4 €y3°) 


t (€y; + €29)° t [ (€g2 — €4,)® + 4 € 4271 


) 


t (€g2 + €33)* t [ (€33 — €g9)* + 4 €23°] 


} 








The polarisation studies for various orientations of the optic axis or an 
axis of symmetry enable us to determine the tensor components for any 
vibration. But to know only the vanishing tensor components it is not 
necessary to go into the polarisation studies. ‘The total intensities for various 
orientations will often fix them. ‘The reason is that if a line vanishes with un- 
polarised light in any orientation of the optic axis, four out of six tensor 
components become zero because all the tensor components occur as squares. 
Similarly if a line vanishes for any polarised excitation two of the tensor 
components should be zero. As the nature of the tensor components for any 
vibration belonging to any crystal class has already been studied, a knowledge 
of the vanishing tensor components will often give us the type of tensor 
components we are dealing with in any given vibration. We are now ina 
position to state the behaviour of any vibration belonging to any class of 
crystal symmetry in transverse, longitudinal, and circularly polarised scatter- 
ing with various orientations of the optic axis or the direction of greatest 
refractive index. This is donein Table V, the nature of the vibration is 
indicated by the tensor component. 


Monoclinic Class 
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6. Comparison of Theory and Experiment 


Nedungadi has given a detailed polarisation analysis of the Raman 
lines in sodium nitrate. The lines 1385 and 720 vanish when the incident 
light is polarised parallel to OZ, the optic axis being along OZ. It also 
vanishes when the optic axis is along OY and the incident light vector is 
parallel to OY. In the first case € 3,7 + €337 =0 and in the second case 
s€g0? + €3:° = 0. Therefore €3, = €32: = €33 =9 or ¢€,, =0. As the lines 
come out when the optic axis is along OZ and the electric vector is along 
OY, €2;? + €g32 is not zero, 1.¢., €2;330. Hence the polarisibility tensor 
for the vibration can be fixed as €,, = — €yy, € = 0 from the tables given 
before for rhombohedral class. The line 185 vanishes when the optic axis 
is along OY and the incident light is polarised along OZ. ‘Therefore 
ey + 4:7 =0, 7.e., €y. =0, €;, =0. This enables us to fix up the 
polarisibility tensor for this vibration as ¢«¢; =¢€,,=0. The tensor 
componenets for other lines can be similarly made out. The line 1065 vanishes 
when the light vector is along OY and the optic axis is along OY so that 
€go2 + €5:2 = 0, 1.€., €32 = €3; = 0. From the tables the tensor component 
for the line 1065 should be ¢€,4 = ey Féesg 5 4 =9, because as the line appears 















































TABLE VI 
| 

Direction of optic axis OZ | OY | ox 

l = oe l Tensor components 
Electric vector along OY | OZ | OY | OZ OY OZ 

| | | | 

; | | Lines 1385, 720 

Theoretical results = ; f | Z J 0 0 | Tensor | a a 0 
5 a ; on ; | 2 0 = 0 ¥ 1 0 0 a a 0 
Experimental results . D :~ f | 0 =f i is | 3 | 0 00 

| | | 

| | | 

Line 185 
Theoretical results .| 0 co 1 rj co | co | Tensor | 0 0 5b 
ane: SPER 100 | 94 | 100 | 45 0 0 Bb} 
Experimental results .. [00 5 {00 | f — | r | bb O| 
Pa a 5 b? 3 Line 98. a? = 5, b? 30 
Theoretical results -+| 5a =y co 1 , l a 6| — =6 The | 2 ahi 

a ab 
. 10 37 29 5 25 12 1b bO 
Experimental results .. 29 Zz 36 3 S zr | 
| Line 1065 

Theoretical results .. f 0 f A Dd 0 Tensor} a 0 O 
eee ie 5M: 10 5 o. le 0 0 0a O 
Experimental results .. 5 19 5 f 100 59 Too l@ @e 
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when the optic axis is along OZ and the electric vector is parallel to OZ, 
€g;° + €33° is not zero so that «3,-£0. This fact enables us to distinguish 
this line from 720 for which €3, = 0. The behaviour of these lines in polar- 
isation work can be predicted from these tensor components. In Table VI 
we compare the experimental results and theoretical results as tabulated 
earlier for these lines. 

It may be seen from the above table that the tensor «4 = 0, €xy = €yyF €:2 
which represents a totally symmetric vibration in systems having an axis of 
threefold symmetry, does not hold for the line 1065. This may also be seen 
from the fact that this line does not vanish when the optic axis is along OX, 
the direction of illumination and the electric vector is along OY, 1.¢., Exy 
not zero. ‘The tensor which best satisfies the experimental results of this 
line is €,,= €y,=0. This tensor nolds for totally symmetric vibrations in 
systems having only a single axis of twofold symmetry. There is thus a 
discrepancy between theory and experiment which requires explanation. The 
agreement between the two results in the first three cases is quite satisfactory 
which shows that the theoretical tensors are correct. The results in longi- 
tudinal scattering also justify this. It can be seen from the table that if the 
line 185 is represented by the tensor ¢,;,= €,, = 0 it should vanish in longitudinal 
scattering. Further from the same table it can be seen that in longitudinal 
scattering with unpolarised light, the line 1065, if it is represented by the 
tensor €yy=, ey. = Exe = 0, Exy = Eyy = 4, €=C, Should have an intensity 
equal to 2 (a? + da?) when the optic axis is along the direction of observation 
OY, which is nearly double the intensity equal to (a? + c*) of the line when 
the optic axis is along the two perpendicular directions. Both these facts 
have been recorded by Nedungadi. The experimental results therefore 
justify us in concluding that the behaviour of a line in directional excitation 
is completely governed by its tensor components which must be one of those 
that are operative for a crystal of a given symmetry class. 

There is one point worth mentioning here regarding the nature of de- 
generate vibrations in sodium nitrate. The crystal belongs to the rhombo- 
hedral class point-group D3g. There are two representations for degenerate 
vibraticns, one symmetric to the centre of symmetry and the other anti- 
symmetric to the centre. The latter is forbidden in the Raman effect. The 
normal co-ordinates Q,, Q, of translation fallin the latter class, those of rota- 
tion Qyx, Qwy fall in the former. Co-ordinates orthogonal to Qy Q, will go to the 
class to which Q,,,, Quy belong and will be active in the Raman effect. These 
will have two types of tensors (1) €,, = — €yy, €3 =9, €xe= €xy and (2) 
Exe = — Eyy, Ey: = Exe» Ex = Exy Se = 0 because there is no plane of sym- 
metry o, or an axis of symmetry C, to make the latter non-existent. The 
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vibrations orthogonal to Q,,., Quy go to the class to which Q, Q, belong and 
become forbidden. But as rotational frequencies are allowed in the Raman 
effect in crystals (as lattice frequencies), Q,,, remains in its own class for which 
the tensor components are given by ¢,; = €,y = 0. Thus we have all the three 
types of tensors present in the degenerate vibrations, and this is also shown 
from our analysis of experimental results because the lines 720 and 1385 
represent the first type of tensor, line 98 represents the second type, and the 
line 185 represents the third type. Placzek (1934) gives only one type of 
tensor for the degenerate Raman-active vibration of this point-group, and 


that is €,, = Eyys ys = Exzr €xx = Exy €cg = 0. 


In conclusion, the author expresses his grateful thanks to Professor 
Sir C. V. Raman for his keen interest in the work. 


7. Summary 


The optical vibrations of a crystal arise mainly from the vibrations of a 
group which repeats itself in the crystal and may be regarded as independent 
of the acoustical vibrations. The deformations produced by these vibrations 
in the optical polarisibility ellipsoid of the crystal depend upon the symmetry 
of the crystal and the symmetry of the given vibration and can be expressed 
in terms of the six components of the change of polarisibility tensor whose 
presence or absence determines the activity of a vibration in the Raman effect. 
Using a purely geometrical reasoning according to which all deformations can 
be resolved into (1) either the extensions along the three principal axes of the 
polarisibility ellipsoid or (2) the rotations about these axes or (3) both, it 
has been possible to write the tensor components for all vibrations belonging 
to any point-group of the crystal classes. The results enable us to clear the 
discrepancy between the results of Placzek and Cabannes who give different 
tensors for degenerate vibrations in systems possessing only one axis of 
threefold symmetry. 


It is possible to obtain a direct knowledge of these tensor components by 
illuminating the crystal along one symmetry axis and observing along a per- 
pendicular symmetry axis. ‘The induced moments in the scattered radiation 
for polarised incident light can be easily written down, and with the help of 
these, tables are prepared giving the polarisation ratios and total intensities 
in terms of tensor components in the transverse and the longitudinal scattering 
for the various orientations of the optic axis or some other axis of symmetry 
along the three principal directions of the crystal. From these tables the 
behaviour of any Raman-active vibration in polarised excitation can be known. 
These results are compared with the experimental data in sodium nitrate 
and good agreement between theory and experiment is observed for all lines 
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excepting the totally symmetric vibration. Experiment shows that the 
degenerate vibrations in NaNO, are given by three different types of tensors, 
whereas, according to Placzek, there is only one tensor for the degenerate 
vibrations of the rhombohedric group. 
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